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EXECUTIVE SUMMARY

The remediation of Trench 1 (T-1) at the Rocky Flats Environmental Technology Site (RFETS) was
conducted in accordance with the Proposed Action Memorandum (PAM) for the Source Removal at T-1
(RMRS, 1998a). Excavation of the trench was performed during the period June 1998 through August
1998. Several waste streams were generated from the source removal including radioactive metal wastes,
cemented cyanide wastes, contaminated soils, decanted lathe coolant, and debris. All wastes have been
safely containerized and are currently stored within a Temporary Unit at the T-1 project site.

This report presents the characterization of the T-1 waste streams and evaluates treatment alternatives for
those wastes that cannot be directly land disposed, i.e., exceed Land Disposal Restrictions (LDRs). This
report concludes with a presentation of a proposed disposition strategy for the T-1 waste streams. The
disposition pathways proposed are based on the characterization of the wastes and the evaluations of
offsite and onsite treatment alternatives and are summarized as follows:

1. Direct Land Disposal

Waste Stream Characterization Proposed Disposition

DU Ingot and

Project-Generated Debris LLW Land Disposal at Nevada Test Site
Soil (LDR-Compliant) LLW/RCRA/TSCA Land Disposal at Envirocare
Excavated Debris LLW/RCRA/TSCA - Land Disposal at Envirocare

II. Treatment and Disposal

Waste Stream Characterization Proposed Disposition
Decanted Lathe Coolant
Aqueous Liquid LLW/RCRA/TSCA Treatment at RFETS CWTF
Organic Liquid LLW/RCRA/TSCA Offsite Storage and Treatment
Cemented Cyanide Waste LLW/RCRA/ACM Offsite Storage and Treatment
Radioactive Metals and
Soil (non-LDR-Compliant) LLW/RCRA/TSCA Offsite Storage and Treatment
CWTF Consolidated Water Treatment Facility
LLW Low Level Waste
RCRA Resource Conservation and Recovery Act
TSCA Toxic Substances Control Act

The T-1 waste streams listed in Part I of the above table (i.e., the depleted uranium [DU] ingot, project-
generated debris, and LDR-compliant soil) meet LDRs and will be disposed at the Nevada Test Site
(NTS) or Envirocare as LLW and LLW/RCRA/TSCA mixed waste, respectively. The waste streams
listed in Part B of the table (i.e., lathe coolant, cemented cyanide, radioactive metal, and non-LDR-



Trench 1 Waste Characterization and RF/RMRS-99-303.UN

Disposition Pathways Analysis Report, | . . March 4, 1999
Page iii of viii

compliant soil) do not meet LDRs and must be treated. The aqueous-phase lathe coolant is the only waste
that is able to be treated at RFETS and will be treated at the Building 891 Consolidated Water Treatment

Facility (CWTF).

Several offsite and onsite alternatives were examined for the remainder of the non-LDR-compliant mixed
wastes. Offsite treatment at both commercial facilities and several mixed waste treatment facilities
currently operated within the DOE Complex was evaluated. The DOE facilities included the TSCA
Incinerator at Oak Ridge National Laboratory (ORNL), the M-Area Vitrification Plant at Savannah River
Plant (SRP), and the Waste Experimental Reduction Facility (WERF) at the Idaho National Engineering
Laboratory (INEL). The TSCA Incinerator is technically capable of treating the Trench 1 wastes, but is
not an option at this time because of a current moratorium imposed by the State of Tennessee blocking the
acceptance of out-of-state wastes. The time frame for the removal of this moratorium is unknown. The
M-Area Vitrification Plant and the WERF are also not feasible offsite treatment options. The Trench 1
radioactive metal wastes do not meet the waste acceptance criteria of either of these facilities.

The commercial offsite facilities evaluated include:

Materials and Energy Corporation (M&EC) in Oak Ridge, Tennessee;
Allied Technical Group (ATG) in Richland, Washington;

Perma-Fix Environmental Services in Gainesville, Florida;
Diversified Scientific Services, Inc. (DSSI) in Kingston, Tennessee;
Starmet Corporation in Bamwell, South Carolina;

Waste Control Specialists (WCS) in Andrew, Texas; and

Envirocare of Utah, in Clive, Utah.

None of the seven commercial facilities listed above currently possess all of the necessary permits and
licenses to treat the T-1 radioactive metal, soil, and cemented cyanide wastes. Two facilities, Perma-Fix
and WCS, appear to be within six months away from obtaining the required permits and license
modifications to treat the cemented cyanide waste. All seven of the commercial facilities identified could
treat the cyanide waste under the RCRA Treatability Exclusion. A thorough evaluation will be completed
to select the most appropriate commercial facility to treat the cyanide wastes. Barring any unforeseen
circumstance, offsite shipment of these wastes will be completed prior to the end of Fiscal Year 1999.

Four of the commercial facilities listed above are currently working toward regulatory approval that will
allow treatment of the T-1 radioactive metal and soil wastes: M&EC, ATG — Richland, Perma-Fix, and
WCS. It is estimated that each of these facilities is approximately 12 to 24 months away from receiving
authorization to treat LLW/RCRA/TSCA wastes. However, thee four facilities are presently permitted or
should be permitted this fiscal year for the storage of the T-1 radioactive metal and soil wastes. A
thorough evaluation will be completed to select the most appropriate commercial facility for interim
storage and future treatment of the radioactive metal and soil wastes. A contractual arrangement with a
commercial facility for storage and future treatment and disposal of the wastes will be pursued this fiscal
year.

Alternatives evaluated for the onsite treatment of the radioactive metal and soil wastes include a variety of
technologies including steam reforming, dechlorination, stabilization, solvent extraction/direct chemical
oxidation, thermal desorption and oxidation, and vitrification. The evaluations indicated that onsite
treatment using batch vitrification or steam reforming is technically feasible, but was eliminated from
consideration at this time because of Clean Air Act issues, treatability testing requirements, and the
negative public perception associated with operating thermal processes.
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Safe interim storage and future treatment and disposal at an approved and permitted offsite commercial
facility is the best path forward for the radioactive metal and soil waste streams. A contractual
arrangement with a commercial facility for storage and future treatment and disposal of the wastes will be
pursued this fiscal year. In the event that the pursuit of this strategy proves to not be viable, investigation
of longer term storage of T-1 wastes at RFETS will be investigated.
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1.0 INTRODUCTION

Drums of buriéd waste were recently excavated from Trench 1 (T-1) at the Rocky Flats Environmental
Technology Site (RFETS). This excavation was conducted in accordance with the Proposed Action
Memorandum (PAM) for the Source Removal at T-1, THSS 108 (RMRS, 1998a). Several waste streams
were generated from this source removal activity including radioactive metal wastes, cemented cyanide
waste, contaminated soils, decanted lathe coolant, and debris. These wastes have been safely
containerized and are currently being stored on an interim basis at the T-1 project site.

This report evaluates the treatment and disposal alternatives that are currently available for each of the
T-1 waste streams. Based on the evaluations, a "path forward" for the disposition of each waste stream is
identified. The report first presents a detailed characterization of the T-1 waste streams in Section 2.
Sections 3 and 4 identify and evaluate offsite and onsite alternatives, respectively, for the treatment of
T-1 wastes that do not meet land disposal restrictions (LDRs). Section 3 examines the regulatory permit
and license status of the offsite facilities considered with respect to treating T-1 wastes, and Section 4
investigates the effectiveness, implementability and costs associated with several onsite treatment
techniologies. Finally, Section 5 summarizes the proposed strategy for dispositioning the T-1 waste
streams based on the information and analysis presented in this Report.

2.0 WASTE STREAM CHARACTERIZATION

This section details the characterization of the soils and other waste streams generated by the T-1 Source
Removal project. These waste streams were managed in a manner consistent with RFETS policies and
procedures and the requirements established by the PAM (RMRS, 1998a). All waste being sent offsite
for disposal will be considered CERCLA waste because they were generated by a CERCLA Response
Action (under the Rocky Flats Cleanup Agreement), and all but uncontaminated field trash is considered
low level radioactive waste (LLW). Tables 2-1 through 2-4 present a summary of the T-1 waste streams
including regulatory classification, number and type of containers in which the wastes have been
packaged, and the volume and weight of each waste stream. The T-1 waste streams include:

® Radioactive Metals.

e Cemented Cyanide.

e Soil.

e Decanted Lathe Coolants.

e Debris.

Analytical data summary tables for each of the waste streams listed above are included in Appendix A of
this Report and support the waste characterization discussions presented below.

2.1 Radioactive Metals

Most of the radioactive metal wastes removed from T-1 were depleted uranium (DU). Throughout the
excavation, project personnel assessed the uranium type (i.e., depleted vs. natural vs. enriched) and the
potential presence of transuranic isotopes using gamma spectroscopy. No wastes containing enriched
uranium or transuranic isotopes (other than at near detection level activities) were encountered. The
following subsections address both the radiological and chemical characterization of the radioactive
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metal waste streams.
2.1.1 Depleted Uranium

The primary DU waste stream has been packaged in 154 containers, both overpack drums and B-12
waste boxes as indicated in the first row of Table 2-1. The overpacks consist of 30- and 55-gallon drums
recovered by the excavation overpacked into new 55-, 83/85-, and 110-gallon overpack drums as
appropriate. The B-12 waste boxes are steel "half crates" with a volume capacity of approximately 1.6
cubic yards.

Characterization data collected during the excavation phase indicated that there was widespread
contamination of the DU with chlorinated volatile organic compounds (VOCs), polychlorinated
biphenyls (PCBs), and cadmium, The primary chlorinated VOCs detected were tetrachloroethene (PCE)
and trichloroethene (TCE), and the only PCB detected was Aroclor-1254.

Extreme variability in chlorinated VOC, PCB and cadmium concentrations in DU samples has important
waste management and disposal consequences. It seems reasonable to assume that much of the
variability in the organic contaminant concentration data is attributable to the amount of “oil residue”
that was present in the DU waste sampled, and that the amount of residue may be variable within an
individual drum. It is therefore difficult to accurately determine VOC and PCB concentration levels in
an individual drum based on one sample from that drum. Therefore, the DU waste stream is
characterized as an entire lot, and not on an individual drum-by-drum basis. It should also be noted that
the sampling strategy developed to support the characterization of the DU wastes was based on field
segregation of material by physical characteristics or distinct locations within the trench, if possible
(Starmet, 1998). The Sampling and Analysis Plan was not intended to address full characterization of
individual drums or waste packages. However, differences in physical characteristics and trench
locations that would have allowed segregation of individual drums were not apparent during excavation.
Because not all drums were sampled for all possible constituents and distinct characteristics or locations
were not observed, segregation of the DU wastes was not possible.

The data presented in Appendix A indicate that PCE and TCE were detected in the DU wastes over a
range of non-detect (ND) to 20 weight percent and 10 weight percent, respectively. Based on the historic
use these solvents at RFETS in machining operations, the DU waste stream is considered to be FO01 and
F002 (i.e., RCRA F-Listed chlorinated organic solvents). In addition, the waste code D006 (i.e., exceeds
RCRA TCLP threshold for cadmium) has been applied because approximately 20 percent of the drums
subjected to TCLP testing exceeded the threshold of 1 mg/L for cadmium. Cadmium TCLP values
ranged from less than 1 mg/L to 35.06 mg/L.. Because the PCB isomer Aroclor-1254 was also detected
in the DU wastes (ND to 580 parts per million [ppm]), the DU waste stream is considered to be a PCB
Remediation Waste under the Toxic Substances Control Act (TSCA). The TSCA PCB Remediation
Waste designation applies to wastes buried prior to April 18, 1978 per 40 CFR 761.3 which is the case
for T-1 wastes.

One exception to the DU characterization presented above is the DU ingot or “puck” that was recovered
during the excavation. The ingot is one piece of solid stock material approximately 0.5 cubic feet in
volume and did not appear to have been previously machined. The ingot was placed into a 55-gallon
drum (D93471), inerted/packed with clean soil, and subsequently overpacked into an 83-gallon drum
(X10906). The ingot was not sampled because the material was positively identified by one of the
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project RCTs familiar with the process of generating DU ingots or “pucks”, and that sampling solid DU
was not practical with the sampling tools available. Because of its relatively massive nature this waste is
not considered pyrophoric, and because it has not been machined (i.e., product stock) contamination is
unlikely. Also, the presence of cadmium is unlikely as the ingot was not a finished product and did not
appear to have been plated - a probable source of the cadmium contamination. The ingot is considered
source material under the Atomic Energy Act, and for the purpose of disposal, it is considered a low-
level radioactive waste.

2.1.2 Thorium

Through the use of gamma spectroscopy it was determined that some of the radioactive material
removed from T-1 was not DU. Two samples (a regular and a duplicate) used to characterize a drum of
radioactive material that was placed into an 83-gallon overpack indicated that the drum contained
Thorium-232 (Th-232). The data in Appendix A indicate that Th-232 was detected at approximately
19,700 pCi/g and U-238 was not detected in these samples. Th-232 was quantified through detection of
its daughter product Actinium-228 (Ac-228). Considering that the material is approximately 40 years
old, the activity detected for Actinium-228 would approximate that of the Th-232 parent material (i.c.,
the isotopes are in secular equilibrium. The relationship between Ac-228 and Th-232 was confirmed
using the computer software RADDECAY (Grove Engineering, 1987). PCE and TCE were detected in a
sample of waste from this drum at 100 ppm and 5.5 ppm, respectively, and Aroclor-1254 was detected at
2,200 ppm. The drum of thorium waste will therefore be given F001 F002 and PCB Remediation Waste
designations. Although cadmium was not detected in the one sample collected from this drum,
additional sampling to fully characterize the contents of this drum and ensure that no cadmium-plated
turnings are not present is not recommended because of worker exposure issues. Also, the costs
associated with additional sampling would likely be greater than the incremental costs of treating this
drum along with the DU waste stream (i.c., stabilizing the thorium wastes for cadmium leachability). A
D006 waste code will therefore be assigned to the drum of thorium waste.

A B-12 waste box (X09823) also contains Th-232 waste, and unlike the drum described above, contains
DU waste as well. The checklist documenting the filling of this waste box indicates that the B-12
contains the contents of two non-intact drums and soil. The sample log clearly indicates that the sample
from the B-12 (Sample Number 98A2105-040) was comprised of two distinct materials and that the
results confirm the presence of both thorium and DU. The analytical data presented in Appendix A
indicate the presence of Th-232 and U-238 at 4,107 pCi/g and 59,893 pCi/g, respectively. Because of the
presence of PCE at 35 ppm, these low-level radioactive wastes have been assigned FO01 and F002 waste
codes. A sample of this waste was not analyzed for PCBs or cadmium. Considering the absence of these
data and the presence of DU in the B-12, this thorium waste will be coded as D006 as well as PCB
Remediation Waste.

2.1.3 Historic Samples

Several jars of sample waste were recovered from T-1 and are referred to as “Historic Samples” to
differentiate them from T-1 waste characterization samples collected during the excavation. The historic
samples were marked as “UH,” (i.¢., uranium hydride) or “Tuballoy”. Tuballoy is a term that has been

used at RFETS to designate DU.

The UH, and tuballoy historic sample wastes were placed in one B-12 waste box (X09829) along with
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soil. The sample jars were broken so that the potentially pyrophoric contents would be effectively
inerted by the soil as required by the PAM (RMRS, 1998a). The sample jars and uranium wastes
constitute a relatively small proportion of the contents of the B-12, with the remaining volume being soil.
Because the historic samples have been mixed, the characterization presented below and in Table 2-1
considers all of the historic sample waste as one lot.

Gamma spectroscopy analysis of the UH, sample wastes prior to placement into the B-12 waste box

- indicated that the wastes were natural uranium. Chemical analysis indicated the presence of PCE (0.23

ppm to 210 ppm). TCE and PCBs were not detected in the sample, and although cadmium was detected,
it was not observed to be above the TCLP threshold for this metal. The Tuballoy historical sample
wastes were not analyzed, and therefore, the presence of PCBs or cadmium cannot be eliminated.
Therefore, the same chemical characterization used for the DU wastes in Section 2.1.1 has been applied
to the historical sample wastes.

22 Cemented Cyanide

Ten 55-gallon drums of unsolidified cemented cyanide waste were exhumed from the T-1 as indicated in
Table 2-2. Samples were collected from each of the ten drums for gamma spectroscopy and cyanide
analysis. All results indicated low level U-238 contamination (8.1 to 117 pCi/g) and significant levels of
cyanide (0.51 - 5.3 weight percent). Most of the drums appeared to contain asbestos fibers; samples
from two drums were analyzed for asbestos and both contained significant amounts of asbestos (15 and
25 volume percent). Four samples were collected from three of the ten drums (this included one
duplicate) and were analyzed for VOCs/SVOCs, the complete TCLP list, reactive sulfide, reactive
cyanide, corrosivity, and isotopic Pu, Am, U. These samples were also subjected to additional gamma
spectroscopy. These four samples are representative of the entire waste stream. A summary of the
analytical results follows:

* No VOCs or SVOCs were detected.

=  All samples exceeded TCLP thresholds for cadmium (829-1,200 mg/L).
= No other TCLP thresholds were exceeded.

s pH was in the range of 12.4-13.2.

= Reactive Sulfide was not detected.

= Reactive Cyanide: Three of four samples reported as not detected. One sample reported as 0.3 ppm
reactive cyanide.,

As indicated in the PAM (RMRS, 1998a), the original cyanide generation process could not be
established with full confidence. As a result, it was originally planned to rely on the characteristics of
the wastes to determine if it was hazardous waste or not. After conducting additional research of
historical records, however, the generation process was essentially determined to be a listed
electroplating process. The applicable listings are FO06 and F008 and are defined as “Wastewater
treatment sludges from electroplating operations...”, and “Plating bath residues from the bottom of
plating baths from electroplating operations where cyanides are used in the process”, respectively.
Although there are no LDR implications, the waste code D006 is also being added to the cemented
cyanides as the waste exceeds the TCLP standard for cadmium. In addition to the RCRA codes F001,
F002, and D006, the cemented cyanide wastes are designated as TSCA Asbestos Containing Material
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(ACM) based on the results of the asbestos analyses noted earlier.

Also included in the T-1 cemented cyanide waste stream is one drum of debris resulting from the
sampling and handling of the cemented cyanide wastes. This debris is comprised of drum lids, rings,
sampling equipment, and sampling-related PPE.

23 Soil

Soils excavated from T-1 (and not retuned as backfill) were segregated using radiological and VOC
field-screening techniques into the groups noted in Table 2-1. The field-screening techniques involved
measurement of radioactivity and organic vapors with a field instrument for the detection of low energy
radiation (FIDLER) and an organic vapor analyzer (OVA), respectively.

Fifty-two B-88 waste boxes were filled with excavated soils that were segregated according to OVA
readings less than 25 ppm (i.e., Table 2-3, Rows 1 and 2). The wastes in these containers are considered
as one lot based on the segregation achieved by field screening. Twelve samples of these soils were
collected for gamma spectroscopy analysis and four samples were collected for full-suite chemical
analysis. The resulting analytical data are included in Appendix A. The ranges of contamination
produced by these analyses are as follows: U-238 (24.8 to 1,250 pCi/g), PCE (ND to 24 parts per billion
[ppb)), and Aroclor-1254 (ND to 0.65 ppm). Based on these results, the waste is considered an LDR-
compliant mixed hazardous waste with the following RCRA codes: FO01 and F002. In addition, the
waste is considered a Bulk PCB Remediation Waste per 40 CFR 761.3 for wastes buried prior to April
18, 1978. These soils will not require treatment prior to land disposal.

Field segregation of excavated soils resulted in eleven B-88 waste boxes of soils with OVA readings
greater than 25 ppm (Table 2-3, Row 3). Analysis of one sample from each of the eleven B-88 waste
boxes indicated the presence of U-238 (92.4 to 3,980 pCi/g), PCE ( 0.067 to 51 pCi/g), TCE (ND to 0.13
ppm), and Aroclor-1254 (0.19 to 16 ppm). Based on these results, the waste is considered a non-LDR
compliant mixed hazardous waste with the following RCRA codes: F001 and F002. In addition, the
waste is considered a Bulk PCB Remediation Waste. The eleven B88s are considered as one lot based
on the segregation achieved by field screening, and will require treatment prior to land disposal to
address the FOO1 and F002 constituents.

2.4 Decanted Lathe Coolant

What appeared to be lathe coolant was decanted from a number of intact drums removed from the trench.
The lathe coolant was segregated in accordance with the Starmet Sampling and Analysis Plan (SAP)
(Starmet, 1998). The lathe coolant was decanted and transferred into three 55-gallon drums as indicated
in Table 2-4. Two of the drums (X07938, X07927) contain a aqueous-phase liquids, and the third drum
(X07935) contains aqueous-phase and organic-phase liquids.

Laboratory analysis confirmed the presence of uranium, chlorinated VOCs, and PCBs in the lathe
coolant, but significant levels of metals were not detected. The results are as follows:

Aqgueous-Phase Liquids (Drums X07938 and X07927)

U-238 1,610 — 77,400 pCi/L
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PCE ND —0.037 mg/L

TCE ND - 0.024 mg/L

Aroclor-1254  ND - 0.21 mg/L
Aqueous-Phase Liduid (Drum X07935) Organic-Phase Liquid (Drum X07935)

U-238 264,000 pCi/L U-238 125,000 pCi/L
PCE 0.7 mg/L PCE 2.4 mg/L.
TCE ND TCE ND
Aroclor-1254 76 mg/L Aroclor-1254 112 mg/L

Because of the presence of uranium, PCE, and TCE, and Aroclor-1254, all three drums of decanted lathe
coolant are considered to be low-level mixed waste with FO01, F002 codes as well as PCB Remediation
Waste. A surnmary of all the analytical data generated for the T-1 decanted lathe coolants are included
in Appendix A.

In December 1998 the two drums (X07938, X07927) containing the aqueous-phase liquids were
transferred to the RFETS Consolidated Water Treatment Facility (CWTF) in Building 891 for treatment.
The third drum (X07935) containing both aqueous and organic phases is currently being stored on an
interim basis at the T-1 project site.

2.5 Debris
2.5.1 Excavated Debris

Other than drum carcasses very little debris was encountered during the T-1 excavation. Deteriorated
drum carcasses (i.e., fragments), drum lids and drum rings were typically removed from the wastes as
practical and visually verified to be free of chips and turnings so that they would be considered non-
pyrophoric and free of liquids (i.e., oils). This material was then placed into B-12 or B-88 waste boxes.
The other types of debris encountered included a few pieces of pipe, a small volume (i.¢., less than 1
cubic foot) of sandpaper and cardboard containers identified as “ice cream cartons” by field personnel.
These cardboard containers were apparently used to hold DU floor sweepings from Building 444. Five
B-88 waste boxes were filled with debris recovered from T-1 as indicated in Table 2-4.

Because a relatively small volume of debris was excavated from T-1, only a few samples were collected
for analysis. One sample was collected for full-suite chemical analysis, along with a few additional
samples for gamma spectroscopy analysis. All samples showed evidence of DU contamination. The
sample collected for full-suite chemical analysis was from the cardboard “ice cream cartons”. This
sample contained PCE at 23 ppb, Aroclor-1254 at 730 ppm, and various RCRA metals including
cadmium, all well below the TCLP thresholds. As such, the waste is considered an LDR-compliant
mixed hazardous waste with the following RCRA codes: FOO1 and F002. In addition, the waste is
considered a PCB Remediation Waste under TSCA. Since much of the debris is comprised of rusty
metal fragments, it is not practical to use the RCRA debris standard to exit the RCRA hazardous waste
regulations.
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The sample of the cardboard “ice cream cartons” likely represents worst case contamination levels in the
excavated debris waste stream because it contained DU wastes, is very porous, and hence, was able to
absorb contaminants better than the typical metal drum fragment. All debris sample results are contained
in the project files for RIN 98A2117.

2,52 Project-Generated Debris

Table 2-4 indicates that several waste boxes were filled with debris that was not recovered from T-1, but
was generated during the source removal action. This project-generated debris includes plastic liners,
empty one-gallon paint cans used to transport T-1 samples, various metal and wood components used
within the tent structure, a mineral oil pump, PM-10 air monitors and motor assemblies, spent air filters
from the heavy equipment, wooden shovel handles, HEPA cartridges from full face respirators, and spent
personal protective equipment (PPE). These materials are considered to be CERCLA and LLW by T-1
Waste Generator personnel. Although samples of the project-generated debris were not collected for
analysis, the characterization noted above is consistent with materials used in radiological controlled
areas that cannot be economically free-released because of the potential for low level radionuclide
contamination in inaccessible or difficult-to-survey areas.

2.6  Waste Characterization Summary

The waste characterizations presented above indicate that there are several T-1 waste streams that meet
LDRs and may be directly land disposed. These include the DU ingot (LLLW), LDR-compliant soils,
(LLW/RCRA/TSCA), excavated debris (LLW/RCRA/TSCA), and project-generated debris (LLW).

In contrast, there are several T-1 waste streams that do not meet LDRs and must therefore be treated
prior to land disposal. These include the DU, thorium, and historic sample waste streams
(LLW/RCRA/TSCA); the cemented cyanide wastes (LLW/RCRA/ACM); non-LDR-compliant soils
(LLW/RCRA/TSCA); and the decanted lathe coolant (LLW/RCRA/TSCA).

Sections 3 and 4 of this Report examine a number of offsite and onsite alternatives, respectively, for the
treatment of the T-1 non-LDR-compliant waste streams.

3.0 IDENTIFICATION AND EVALUATION OF OFFSITE TREATMENT
ALTERNATIVES

The waste characterization presented in the previous section of this Report identified several T-1 waste
streams that do not meet LDRs and must be treated prior to land disposal. These waste streams include:

= DU, Thorium, and Historic Sample Wastes (LLW/RCRA/TSCA).
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= (Cemented Cyanide and Related Debris Wastes (LLW/RCRA/ACM).
=« Non-LDR-Compliant Soils (LLW/RCRA/TSCA).
®  Decanted Lathe Coolant (LLW/RCRA/TSCA).

The feasibility of treating the waste streams listed at an offsite facility is examined in this section.
Specifically, treatment at three offsite DOE facilities and seven commercial facilities is considered.
Identification and evaluation of these offsite treatment alternatives is presented below.

31 Offsite DOE Treatment Alternatives

The mixed waste treatment facilities currently operated within the DOE complex were evaluated with
respect to the feasibility of treating T-1 non-LDR-compliant mixed wastes. The facilities considered
include the TSCA Incinerator at Oak Ridge National Laboratory (ORNL), the M-Area Vitrification Plant
at Savannah River Plant (SRP), and the Waste Experimental Reduction Facility (WERF) at the Idaho
National Engineering Laboratory (INEL). Table 3-1 presents the regulatory permit and license status of
these facilities as well as other information pertinent to the treatment of T-1 wastes.

The TSCA Incinerator at ORNL is not a viable option at this time because of a moratorium on the
acceptance of out-of state wastes (other than from the DOE Portsmouth and Paducah facilities) imposed
by the State of Tennessee. The time frame for the lifting of this moratorium is unknown. In addition, the
processing capacity that is reserved at the facility for solid wastes is limited because of a large backlog of
liquid wastes (preferred waste stream) to be treated at the facility. Under the facility's current Burn Plan,
additional solid wastes are not expected to be considered for incineration until at least Fiscal Year 2000.

Table 3-1 indicates that the T-1 wastes radioactive metal and soil wastes do not meet the waste
acceptance criteria of the M-Area Vitrification Plant because of the VOC levels present. The M-Area
facility does not possess the necessary offgas treatment equipment to address the VOC levels in question.

“Table 3-1 also indicates that the WERF is not permitted to treat TSCA-regulated wastes.

A potential alternative to using one of the fixed DOE treatment facilities noted above is combining the T-
1 wastes with a similar waste stream of another CERCLA project within the DOE Complex. Such a
strategy may pose insurmountable regulatory and administrative challenges. Nonetheless, additional
investigation of this strategy will be examined.

3.2 Offsite Commercial Treatment Alternatives

The possibility of treating the radioactive metal waste and contaminated soil at an offsite commercial
facility was investigated. The search involved contacting numerous commercial facilities regarding their
treatment capabilities and regulatory permit status; conferring with DOE Mixed Waste Focus Area
personnel at INEL regarding commercially-available treatment capabilities; reviewing research regarding
the identification of treatment alternatives for a nearly identical DU waste stream at the Hanford facility;
and finally, publishing a Commerce Business Daily (CBD) announcement (Appendix B) requesting
technical and regulatory permit and license information pertinent to the treatment of the T-1 radioactive
metal, contaminated soil, and cemented cyanide wastes. The CBD announcement encouraged responses
regarding both offsite and onsite treatment alternatives, but emphasized a preference that the wastes be
treated at an existing offsite facility.
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The search described above identified seven offsite commercial facilities: Materials and Energy
Corporation (M&EC), Allied Technology Group (ATG) - Richland, Perma-Fix Environmental Services
of Florida (Perma-Fix), Diversified Scientific Services, Inc. (DSSI), Starmet Corporation, Waste Control
Specialists (WCS), and Envirocare of Utah, Inc. (Envirocare). The regulatory permit and license status
of these facilities along with other information pertinent to the treatment of T-1 wastes is presented Table
3-2. This information is examined below first with respect to the treatment of the radioactive metal and
soil wastes (i.e., low-level mixed waste including PCBs), and second, with respect to the treatment of the
cemented cyanide waste (i.e., low-level mixed waste without PCBs).

3.2.1 Radioactive Metal and Soil Wastes

In order for an offsite facility to treat the T-1 radioactive metal and soil wastes, it must have the
capability and permits to treat a mixed waste (LL W/RCRA/TSCA/CERCLA) as follows: all
underlying hazardous constituents (both organic and inorganic) must be managed by either
knowledge of the waste, or alternatively, treatment to LDRs required by 40 CFR 268.
Knowledge of the wastes and analytical data indicate that a variety of chlorinated solvents,
PCBs, and leachable cadmium must be reduced in their concentrations prior to landfill as a
radioactive listed hazardous waste (F001, F002) meeting LDRs.

The information presented in Table 3-2 indicates that none of the six commercial facilities
evaluated in the search for offsite alternatives are fully permitted and licensed at this time to treat
the T-1 radioactive metal and soil wastes at this time. M&EC, for example, is not expected to
have the requisite RCRA. and TSCA permits in place for at least 12 months. In the case of ATG,
managers expect their Richland facility to receive its RCRA/TSCA permit in 1999, however,
permit-required demonstration testing of equipment that is to be installed in 1999 is not
anticipated to be completed until the first quarter of Calendar Year 2000. Also, ATG's
radioactive materials license limits the facility to receive only 10,000 kg of Atomic Energy
Commission (AEC) source material. Although this constraint is exceeded by the approximately
30,000 kg of DU excavated from Trench 1, the company indicates that amendments to its
radioactive materials license to exceed the source material limit on a project-by-project basis may
be obtained within reasonable time frames (e.g., two to three months)."

Table 3-2 indicates that Perma-Fix is currently permitted under RCRA to store, blend, and repackage
hazardous wastes. Perma-fix cannot currently treat hazardous waste. However, the company has applied
for a modification to its RCRA Part B permit requesting approval to treat hazardous wastes as well.
Approval is expected by the company in May 1999. The application is currently focused on a limited
number of hazardous waste codes and hazardous constituents; Perma-Fix lacks test data describing
performance of its proprietary in-house technology for all RCRA underlying hazardous constituents.
Perma-fix has likewise submitted an application for the storage of TSCA wastes and anticipates
regulatory approval for this request by mid 1999. The company has not yet submitted an application for
the treatment of TSCA wastes, however. The company has recently applied for a TSCA RD&D permit
for the experimental testing of PCB wastes. Data generated from the TSCA R&D permit will be used to
support modification of the RCRA permit and preparation of a TSCA permit application. Although the
TSCA RD&D permit does not impose a waste volume or mass limit, the proposed permit's stipulation
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that wastes treated under this permit must be disposed at pretreatment levels effectively eliminates its use
for treating the radioactive metal and soil waste streams.

WCS currently holds a RCRA permit that allows solidification/stabilization and chemical oxidation of
hazardous waste, The company has applied for a permit modification to allow treatment with other
processes, such as thermal desorption and dechlorination, which are necessary for the treatment of the T-
1 radioactive metal and soil wastes. The estimated time for review and approval of this permit
modification is 12 to 18 months. WCS is permitted at this time, however, to store the radioactive metal
and soil wastes at their Andrews, Texas facility.

DSSI operates a fully permitted and licensed industrial boiler for the treatment of low level mixed waste
liquids including aqueous liquids, organic solvents and used oils. The company has recently applied for
a permit modification for the treatment of solid wastes. Approval of this request is not expected for at
least 12 months. DSSI's radioactive materials license allows for the treatment of wastes containing
radioactive materials with atomic numbers 1 through 83, and transuranics (including various isotopes)
with atomic numbers 88, 90, and 92 through 96 and with an annual processing limit of over 20,000
curies. DSSI does not possess a TSCA permit, however, and liquid wastes processed at their industrial
boiler facility must therefore contain less than 50 ppm PCBs.

Envirocare possesses the permits to handle both LLW and RCRA wastes. However, Envirocare lacks the
necessary permit (and process equipment) for treating the TSCA-regulated Trench 1 radioactive metal
and soil wastes. As noted in the introduction to this section, Starmet does not possess a RCRA or TSCA
permit and the company does not currently have plans to apply for these permits."

3.2.2 Cemented Cyanide Waste

In order for an offsite facility to treat the T-1 cemented cyanide wastes, it must have the capability and
permits to treat a LLW/RCRA/CERCLA mixed waste as follows: the specific hazardous constituents
underlying the FO06 and FOO8 waste codes must be treated to meet the 40 CFR 268 LDR standards. In
particular, leachable cadmium and total cyanide must be reduced to LDRs prior to landfill. The
treatment must be capable of handling TSCA ACM. The residues can then be land disposed as low-level
radioactive, ACM, FO06/F008 listed hazardous wastes meeting LDRs.

As is the case for the radioactive metal and soil wastes, none of the seven offsite facilities listed in Table
3-2 are fully permitted and licensed to treat the cemented cyanide wastes at this time. However, the
information presented in Table 3-2 indicates that Perma-Fix and WCS may become fully permitted in
this regard in approximately three to four months.

Perma-Fix must gain approval of their RCRA permit modification request to treat hazardous waste. As
noted above, approval of this request is expected by May 1999. In lieu of the permit modification,
Perma-Fix may treat the cemented cyanide waste at this time under the RCRA Treatability Exclusion.
Review of the regulations pertaining to the Treatability Exclusion (40 CFR 261 and 40 CFR 268), as well
as information obtained through the USEPA Hotline, indicate that successful treatment of the T-1
cyanide wastes under the Treatability Exclusion (i.e., LDRs are achieved for both cadmium and total
cyanide) would allow land disposal of the treated wastes at a RCRA-regulated Subtitle C facility without
further treatment in a RCRA-regulated or specifically exempted Treatment Unit.
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It should also be noted that Perma-Fix has been issued CERCLA Offsite Authorization by the EPA as
indicated in Table 3-2.

1t is anticipated that WCS may also be fully permitted to treat the cemented cyanide waste in
approximately three months. Although the company currently possesses a RCRA permit for chemical
oxidation and stabilization/solidification (Table 3-2), their radioactive materials license must be amended
to allow treatment of radioactive-contaminated wastes with these processes. This amendment has been
submitted and is expected to be approved within two to three months. The State of Texas requires that
this amendment be approved for treatability work as well. It should be noted that WCS has not yet been
approved by RFETS to receive wastes. Kaiser-Hill conducted an audit of the WCS facility in February
1999 and an assessment of the findings is pending.

The technologies proposed by Perma-Fix and WCS to treat the cyanide wastes are similar and involve
the use of chemical oxidation to reduce total cyanide levels below 590 mg/kg followed by cementation to
stabilize the cadmium. Both companies indicate the need to conduct treatability tests with samples of the
cemented cyanide waste in order to formulate the proper oxidation and stabilization "recipes.”
Treatability testing is particularly important considering the strong cyanide complexes that appear to
exist in the waste suggested by the relatively low amenable (i.e., reactive) cyanide analytical data. Also,
TCLP values approximately 10,000 times the LDR limit for cadmium (see Section 2) pose a challenge
for treatment and warrant treatability testing as well.

Table 3-2 indicates that M&EC, ATG, DSSI, Starmet, and Envirocare could also employ the RCRA
Treatability Exclusion to process the cemented cyanide waste. However, M&EC, DSSI, and Envirocare
do not currently possess the necessary process equipment and ATG has expressed a preference not to
conduct work under the Treatability Exclusion while their RCRA/TSCA permit application is being
reviewed by the regulatory agencies. Starmet's business involves the recycling of DU and the fabrication
of metal components. The firm is not interested in processing the cemented cyanide wastes.

4.0 ONSITE TREATMENT OF RADIOACTIVE METAL WASTES AND
CONTAMINATED SOIL

The analysis presented in the previous section indicates that it may be one to two years before the T-1
radioactive metal and soil wastes can be treated at an offsite commercial facility. This lead time, as well
as the uncertainty associated with it, necessitates an examination of onsite treatment alternatives. Per
CERCLA, implementation of onsite treatment is not subject to the rather lengthy RCRA and TSCA
permitting processes. The discussion presented in this section therefore considers alternatives for the
onsite treatment of the radioactive metal and soil wastes. Onsite treatment of the cemented cyanide
waste is not considered because a pathway for offsite treatment of these wastes is likely to exist in the
next several months as discussed in Section 3 (i.e., Perma-Fix or WCS).

The search for different options to treat T-1 wastes identified six onsite treatment alternatives. The
vendors offering an onsite treatment alternative along with the treatment technologies included in the
alternatives are summarized below.
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Respondent Technologies included in Onsite Treatment Alternative
GTS Duratek Steam Reforming, Solvated Electron Dechlorination Technology,
and Stabilization.
Materials and Energy Solvent Extraction/Direct Chemical Oxidation, Thermal
Corporation Desorption, and Stabilization.
Geosafe Corporation Batch Vitrification.
ATG Continuous Plasma Arc Vitrification.
Perma-Fix Thermal Desorption, Direct Chemical Oxidation, and
Stabilization.
Starmet Solvated Electron Dechlorination Technology, and Thermal
: Oxidation

Detailed descriptions and evaluations of each of these onsite treatment alternatives are presented in
Appendix C. The evaluations focus on the expected effectiveness in achieving regulatory-driven
treatment goals as well as the challenges associated with implementing the alternative at RFETS. Brief
summaries of the treatment alternative evaluations are presented below.

4.1 GTS Duratek

GTS Duratek proposes that the radioactive metal and soil wastes be treated with a combination of
solvated electron technology (SET) and steam reforming technology as illustrated by the process
flowsheet presented in Figure 1. Following treatment by these processes, the wastes are then stabilized
by cementation to eliminate the toxicity characteristic associated with the leachability of cadmium.
SET technology employs a liquid reagent to dechlorinate the organic solvents and PCBs present in the
wastes, rendering them as non-hazardous hydrocarbons. The chlorine present in the organic
contaminants is displaced by hydrogen and forms either sodium or calcium chloride depending on the
reagent used. Steam reforming technology volatilizes organic contaminants (i.e., chlorinated solvents
and PCBs) from the solid waste matrix and destroys them by reaction with superheated steam. Because
the degradation reactions occur in an oxygen-depleted environment (i.e., steam displaces air in the unit),
the organics are reduced to simple gases without the problems associated with thermal oxidation (i.c.,
incineration). Steam reforming technology has the added benefit of eliminating the pyrophoric
characteristic of the DU. Metallic uranium is irreversibly converted into uranium oxide (Waber, 1956).

Both steam reforming (Gibson, 1997) and SET (Commodore, 1998) have been found to be effective in
reducing the concentrations of chlorinated solvents and PCBs required to meet LDRs. The crushing and
screening operations performed prior to treatment (Figure 1) aid treatment by increasing the solid waste
surface area available for contact with the reagent (i.e., SET solution or superheated steam). Such feed
preparation activities have three important disadvantages: worker exposure, equipment shutdown, and
equipment decontamination. The potential for exposing workers to contamination is significant
considering the need to transfer the wastes from the drums to the feedstock preparation equipment and
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from treatment unit to treatment unit.

Even with the feed preparation operations described in Figure 1, it remains uncertain that the degree of
solid-reagent contact necessary for effective treatment will be achieved in the SET unit when processing
oily DU sludges and thorium pastes. "Channeling" may occur in these wastes which will serve to limit
the surface area of the solid waste exposed to the liquid reagent. With respect to steam reforming, the
need to remove the wastes from the container and size reduce them may or may not be necessary. Entire
drums of waste have been successfully treated by steam reforming without first having to remove and
prepare the waste. In these cases, the superheated steam effectively penetrated the solid wastes to desorb
the organic contaminants. The degree of steam penetration depends on the physical and chemical nature
of the waste and can only be verified through waste-specific treatability testing.

The reader is referred to Appendix C for a more in depth discussion of the materials handling issues
associated with the treatment alternative suggested by GTS Duratek.

4.2 Materials & Energy Corporation (M&EC)

M&EC suggests that the radioactive metal and soil wastes be treated by solvent washing and vacuum-
enhanced thermal desorption (TD), as illustrated by the flowsheet presented in Figure 2. As in the GTS
Duratek process, the mineral oil is drained and the wastes segregated prior to treatment. Waste liquids
and sludge recovered during oil draining, solvent washing, and TD operations are treated by direct
chemical oxidation (DCQ), and the waste from the DCO unit is stabilized for land disposal. Containers
are decontaminated with-a non-hazardous solvent and the spent solvent is recycled to the solvent washing
unit.

The primary advantages of solvent washing are its simplicity, room temperature operation, and relatively
high contaminant removal efficiencies for certain types of wastes such as granular solids and sands
containing organic surface contamination. The effectiveness of solvent washing the T-1 oily sludges and
pastes is uncertain, however. Particle size and porosity of the waste solids as well as any surface coatings
and channeling may limit the solid-liquid contact achieved in the unit. The treatment approach suggested
by M&EC addresses the need for solid-reagent contact (as well as solid-gas sweep contact in the TD
unit) by sorting and size reducing the wastes prior to treatment. These feedstock preparation activities
should enhance the overall waste-reagent contact achieved in both the solvent washer and the TD unit,
but as discussed in Section 4.1 for the GTS Duratek altemative, such feed preparation generate worker
exposure, equipment shutdown, and equipment decontamination concerns. Entrainment of solids during
solid-liquid separation, safety hazards associated with using solvents with pyrophoric material, and the
generation of secondary waste streams (i.c., spent solvent and filter media) pose operational challenges
with this technology as well.

There is an abundance of data demonstrating the performance of TD technology for removing
chlorinated solvents. In fact, the TD unit proposed by M&EC has been successfully used three times at
RFETS for desorbing TCE and PCE from soils (i.e., Ryan's Pit, Mound Site, and the Trench T-3/T-4
projects). TD technology has also been shown to be effective in the removal of heavier organic
contaminants such as PCBs (i.e., less than 2 ppm) when high vacuums are applied (Mclaren Hart, 1998).
The pyrophoric nature of DU and the presence of PCBs in the wastes necessitates the use of an inert gas
sweep, however. The presence of oxygen and PCBs at elevated temperatures may potentially result in
the formation of dioxin and furan compounds. Treatability testing must be conducted to ensure that
these reactions do not occur. Also, oils not removed in the solvent washer are susceptible to smoking,
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where the nature of the radiant heat source can lead to high localized waste temperatures and subsequent
cracking of any oils present.

4.3 Geosafe Corporation

Geosafe Corporation proposes that the T-1 radioactive metal and soil wastes be treated in a batch
vitrification unit. The primary components of the unit are illustrated in Figure 3 and include a waste
treatment cell, an offgas collection hood, and an offgas treatment system. The bottom of the cell is
"lined" with approximately three feet of compacted, clean soil. Drums and waste boxes containing the
radioactive metal and soil wastes are placed on the soil liner in the center of the treatment cell. Soil is
then used to fill the void spaces inside and between the containers. Clean soil is then placed around and
over the top of the drums and compacted with a backhoe or excavator.

With the offgas treatment system is in place, electrical current is applied to the contents of the treatment
cell. The current is converted to heat which melts the soil and wastes from top to bottom. The
temperature of the melt typically ranges from 1,600 to 2,000°C. The temperatures achieved in the melt
serve to pyrolize organic contaminants and debris present in the soils and wastes to simple gases (e.g.,
carbon dioxide, carbon monoxide, simple hydrocarbons, water vapor, and hydrochloric acid). The offgas
leaving the collection hood is treated prior to atmospheric discharge. Inorganic contaminants are
oxidized and are chemically incorporated in the melt. After all wastes are melted, as indicated by the
electrodes reaching the soil liner, the power is de-energized and the melt allowed to cool and solidify
(several days). The resulting glass-like product is chipped out of the treatment cell and containerized for
subsequent disposal. The treatment cell is charged with the next batch and the process repeated.

The batch vitrification process proposed by Geosafe has several important advantages with respect to the
treatment of T-1 radioactive metal and soil wastes. First and foremost is the minimal amount of feed
preparation and worker handling that is required. The process does not require that wastes be removed
from their containers. The steel drums and waste boxes are melted along with the wastes in the treatment
cell. The reader is referred to Appendix C for a detailed discussion regarding specific activities
associated with loading the treatment cell.

As 18 the case with steam reforming and SET, vitrification has the benefit of eliminating regulated
organic contaminants in one step. In addition, vitrification has the benefit of stabilizing radionuclides
and hazardous metals in this same step. The need to transfer the wastes to a cementation unit, for
example, is eliminated. Stabilization is achieved by chemically incorporating the metals into the glass
product. Additional information concerning melt chemistry and the incorporation of inorganic
contaminants in the melt is presented in Appendix C.

Bench-scale vitrification data indicate that as much as 99.99% of the uranium present in the feedstock
wastes is retained in the final glass product (Hansen, 1991). Similar studies have indicated retention
efficiencies as high as 99.99% for thorium as well (Hansen, 1991). Unfortunately, bench- and pilot-scale -
studies suggest only a 67 to 75% retention efficiency for cadmium, a semi-volatile metal. A commonly
cited drawback of vitrification technology is the potential for hot gases generated in the melt to
accumulate in void spaces present within the treatment cell. If the space is large enough and sufficiently
confined, violent release of accumulated vapor can occur in the melt. This phenomenon is of particular
concern when attempting in place or in situ vitrification of buried wastes (i.e. In this case, it is difficult

to know where void spaces may exist in the subsurface or within buried containers. In contrast, there is
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much more control and certainty in batch or ex situ applications of this technology. Void spaces can be
filled and compacted while charging the treatment cell.

Appendix C provides additional discussion on the ad%rantages and disadvantages associated with batch
vitrification of T-1 wastes.

4.4  Allied Technology Group (ATG)

ATG proposes that the T-1 radioactive metal and soil wastes be treated in a continuous vitrification unit.
As illustrated in Figure 4, electric power is delivered to the treatment unit in two forms. The first is an
alternating current, similar to that employed in the Geosafe batch vitrification process, that is applied to
the melt at the bottom of the unit. A second source of power, a high energy direct current, is applied in -
the vapor space directly over the surface of the melt. The resulting electric arc creates an extremely high

temperature plasma (approximately 12,000°C).

In practice, waste is continuously fed into the treatment chamber with an auger. The feed is directed
through the plasma and into the melt. Pyrolysis of organic contaminants occurs in both the melt and the
plasma arc. The elevated temperatures of the plasma ensure that the pyrolytic reactions are taken to
completion to form carbon dioxide and hydrogen. The offgas from the plasma arc unit is treated prior to
atmospheric discharge in a similar manner as described earlier for the batch vitrification process. The
melt continuously exits the treatment unit through an overflow weir. The molten flow is directed into
waste containers where it is allowed to cool and solidify.

Many of the same assessments made in Section 4.3 for batch vitrification technology also apply to ATG's
continuous plasma arc vitrification process. Both technologies offer the benefit-of organic contaminant
destruction and inorganic contaminant immobilization in one processing step. However, the continuous
feed and processing requirements of the plasma arc process necessitates size reduction and blending of
the wastes to ensure a successful operation. Such activities raise concerns of worker exposure and
equipment downtime as discussed in other sections of this report regarding the technologies proposed by
GTS Duratek, M&EC, and Perma-Fix. The ability to decontaminate the feed preparation equipment and
feed auger for free release at the conclusion of the project is also uncertain. The risks associated with
auger jamming and flow blockage must also be considered.

A more detailed evaluation of ATG's continuous plasma arc treatment technology is provided in
Appendix C.

4.5 Perma-Fix Environmental Services

As with M&EC, Perma-Fix suggests that solvent washing and TD technologies be used to remove
organic contaminants from the T-1 radioactive metal and soil wastes (Figure 5). Likewise, cementation
is proposed to solidify wastes prior to disposal. Description and evaluation of these technologies for the

treatment of T-1 wastes need not be repeated. The reader is referred to the discussion and analysis
presented in Section 4.2 and Appendix C.

4.6 Starmet Corporation

Starmet proposes that the Trench 1 radioactive metal wastes be segregated into four groups and each
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group treated as follows:

Waste
Group Classification Proposed Treatment Strat
1 LLW Treatment at Starmet's DU processing facility in South
Carolina.
2 LLW/TSCA Onsite treatment by SET followed by treatment at Starmet.
3 LLW/RCRA Treatment at Perma-Fix in Gainesville, Florida.
4 LLW/RCRA/TSCA Onsite treatment by SET followed by treatment at Perma-Fix.

Except for the DU ingot, all Trench 1 radioactive metal wastes are LLW/RCRA/TSCA and fall into
Starmet's Group 4. The DU ingot is LLW and falls into Group 1. The choice to dispose of the DU ingot
at NTS rather than have it processed at Starmet is based on economics. Likewise, the combination of
onsite and offsite treatment proposed by Starmet for all other Trench 1 wastes is not economical. It
makes far more sense to continue treatment through to its logical end once it is started as opposed to
repackaging SET-treated DU wastes with fresh mineral oil and shipping to an offsite location to
complete treatment. Also, there are several disadvantages with using SET to treat the Trench 1
radioactive metal wastes as described in Section 4.1. These include significant materials handling and
worker exposure, the potential absence of adequate solid-liquid contact in an oily or pasty sludge (i.e.,
channeling), and equipment decontamination. Finally, as discussed in Section 3.2, Perma-Fix is not fully
permitted to treat LLW/RCRA/TSCA waste at this time. Such a strategy would necessarily involve
interim storage of the wastes for one to two or more years prior to treatment. The permit status of
Perma-Fix was discussed earlier in Section 3.2.1.

4.7 Preferred Onsite Treatment Alternatives

A comparative analysis of the onsite treatment alternative evaluations (Appendix C) suggest that two
technologies, steam reforming and batch vitrification, have the most potential for successfully treating
the T-1 radioactive metal and soil wastes. In summary, the distinguishing benefits of these technologies
include minimal feed preparation and worker exposure and the destruction of organic contaminants in
one processing step. Batch vitrification has the added advantage of immobilizing the inorganic
contaminants into a superior waste form in this same processing step. However, there are uncertainties
associated with the application of each of these treatment technologies to the T-1 wastes. In the case of
steam reforming, for example, there is uncertainty regarding the ability of the steam to effectively
penetrate the various solid waste forms without first size reducing and segregating the feedstock.
Uncertainties regarding batch vitrification include hazards associated with void spaces present in the
wastes, vaporization of semi-volatile metals, and formation of dioxin and furan compounds resulting
from the partial oxidation of PCBs in the feedstock.

Using batch vitrification as a proxy, the implementation of an onsite treatment alternative is estimated to
cost approximately two million dollars and require approximately 15 to 18 months to complete (see
Appendix C).
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5.0 PROPOSED WASTE STREAM DISPOSITION

This section presents the proposed disposition pathways for each of the waste streams generated by the
T-1 Source Removal project. The disposition pathways proposed are based on the waste
characterizations and evaluations of offsite and onsite treatment alternatives presented in this Report.

Tables 5-1 through 5-4 summarize the proposed disposition of each T-1 waste stream. The discussion
that follows addresses the waste streams by common disposition pathway (i.c., direct land disposal vs.
treatment).

51 DU Ingot, Debris, and LDR-Compliant Soils

Many of the T-1 waste streams meet LDRs and will be land disposed at either NTS or Envirocare. The
wastes that will be sent to NTS include the DU ingot (one drum, Table 5-1) and the project-generated
debris (six B-88 and four B-12 waste boxes, Table 5-4). The project-generated debris includes general
project-related debris and spent PPE. Waste streams that will be sent to Envirocare include soils that are
contaminated below LDR levels (52 B-88 waste boxes, Table 5-3) and debris excavated from T-1 (five
B-88 waste boxes, Table 5-4),

As discussed in Section 2 of this Report, the excavated debris waste stream is LDR-compliant and can
legally be disposed at Envirocare. However, because of the elevated level of PCBs detected in the “ice
cream cartons” (i.e., 730 ppm) present in this waste stream, Envirocare may decline to accept it. If this
proves to be the case, the debris waste stream will be treated along with the radioactive metal wastes and
soils contaminated above LDR levels. Alternatively, segregation of the cartons from the excavated
debris waste may be considered in the event that Envirocare does not accept the waste stream as it is
currently containerized. The incremental costs associated with storage and treatment of the excavated
debris as it is currently containerized will be compared with the costs associated with segregation and

tesampling. The most economic solution will be pursued.

5.2 Decanted Lathe Coolant

Table 5-4 indicates that two of the three drums of decanted lathe coolant will be treated onsite at the
CWTF located in Building 891. These two drums have already been transferred to the CWTF and are
awaiting treatment. Because the concentration of Aroclor-1254 detected in the aqueous and organic
liquids in the third drum exceed the CWTF waste acceptance criteria for this contaminant, the third drum
will be treated along with the radioactive metal and soil wastes (see below).

5.3 Non-LDR-Compliant Wastes

Six T-1 waste streams exceed LDR levels and must be treated. These include the DU waste (130
overpack drums and twenty-four B-12 waste boxes, Table 5-1), the thorium waste (one overpack drum
and one B-12 waste box, Table 5-1), the "historic sample waste" (one B-12 waste box, Table 5-1), the
non-LDR-compliant soil (eleven B-88 waste boxes, Table 5-3), and the cemented cyanide waste and
related debris (11 drums, Table 5-2).

The evaluation of offsite treatment alternatives presented in Section 3 indicates there are no facilities that
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are currently able to treat any of these five waste streams at this time. One offsite treatment facility
within the DOE Complex, the TSCA Incinerator at ORNL, is able to treat the wastes from a technical
and regulatory standpoint. However, a moratorium by the State of Tennessee regarding the acceptance
of out-of-state wastes at this facility is currently in place. The time frame for the lifting of this
moratorium is unknown. In addition, seven offsite commercial facilities were identified and evaluated in
this Report. Unfortunately, none of the seven facilities currently possess all of the necessary permits and
licenses to treat the radioactive metal, cemented cyanide, or soil waste streams at this time.

5.3.1 Cemented Cyanide Waste

Two facilities, Perma-Fix and WCS, appear to be less than six months away from obtaining the required
permits and license modifications necessary to treat the T-1 cemented cyanide wastes. All seven of the
commercial facilities identified in this Report could treat the cemented cyanide wastes under the RCRA
Treatability Exemption. A thorough evaluation will be completed to determine the best offsite facility to
receive and treat the cemented cyanide waste. Barring any unforeseen circumstances, the T-1 cemented
cyanide waste and related debris should be shipped to an offsite facility for treatment prior to the end of
Fiscal Year 1999.

5.3.2 Radioactive Metal and Soil Waste

As noted above, no offsite facilities possess all of the necessary permits and licenses to treat the T-1
radioactive metal and soil wastes at this time. Four of the commercial facilities identified are currently
working toward obtaining the permits and licenses necessary to treat these waste streams: M&EC, ATG-
Richland, Perma-Fix, and WCS. All four of these facilities appear to be approximately 12 to 24 months
away from being authorized to treat LLW/RCRA/TSCA mixed wastes.

Although offsite treatment cannot be conducted at this time, the four commercial facilities noted above
are presently permitted or should be permitted this fiscal year for the storage of the T-1 radioactive metal
and soil waste streams. Storage of the T-1 wastes at a facility that is awaiting regulatory approval for the
treatment of these wastes would provide for safe, interim storage at an indoor facility prior to treatment
at that location. The radioactive metal and soil wastes are presently being stored outdoors at the T-1
project site on an interim basis in a compliant manner. Indoor storage at an offsite facility is preferred to
storage at the T-1 project site or indoor storage at RFETS. Offsite interim storage is consistent with
making progress toward site closure and will eliminate onsite inspection and maintenance costs.

Onsite treatment of the radioactive metal wastes and contaminated soil has been eliminated from
consideration. Although batch vitrification and steam reforming may be technically feasible, there are a
number of issues associated with their implementation at RFETS. Because both are thermal processes, a
variety of air emission issues exist with Clean Air Act requirements as well as negative public perception
and safety concerns regarding the operation of thermal units at RFETS. Also, treatability testing is
necessary prior to making an affirmative project-specific determination with respect to the effectiveness
of treatment. Finally, it is estimated that implementation of an onsite treatment project would require
approximately 18 months to complete.

Safe interim storage and future treatment and disposal at an approved and permitted offsite commercial
facility is the best path forward at this time for the radioactive metal and soil waste streams. A
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contractual arrangement with a commercial facility for storage and future treatment and disposal of the
wastes will be pursued this fiscal year. In the event that the pursuit of the proposed strategy of offsite
shipment and future treatment proves to not be viable, investigation of longer term storage of T-1 wastes
at RFETS will be investigated.
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CBD Announcement
Final 11/20/98

PART: U.S. GOVERNMENT PROCUREMENTS

SUBPART: SERVICES

CLASSCOD: C--Architect and Engineering Services - Construction--Potential Sources Sought
OFFADD: Rocky Mountain Remediation Services, L.L.C., Rocky Flats Environmental Technology

Site, P.O. Box 464, Golden, Colorado 80402-0464
SUBJECT: C--TREATMENT AND DISPOSAL OF DEPLETED URANIUM, SOIL, AND

CYANIDE WASTES
SOL RM-SS-01
DUE 121498
POC Technical: Robert Cygnarowicz (303) 966-7916 or Procurement: Karen Fairchild

(303) 966-4726
DESC: The Closure Management Division of Rocky Mountain Remediation Services, L.L.C. (RMRS) is
currently planning for the treatment and disposal of depleted uranium (DU), soil, and cemented cyanide
wastes that were excavated during a CERCLA removal action from Trench 1 at the Rocky Flats
Environmental Technology Site (RFETS). RFETS is located approximately 16 miles northwest of
Denver, Colorado.

Waste Stream #1: The DU wastes (approximately 30 tons) range from hard/compacted solids to
sludges and pastes and are classified as Atomic Energy Commission source material. U-238 activities in
these wastes typically range from 150,000 to 340,000 pCi/g. Excavated drums of DU have been
overpacked into 160 steel drums and 29 steel waste boxes (1.6 cubic yards each). Mineral oil has been
added to the drummed waste to temporarily inert the potentially pyrophoric DU. Soil has been added to
the boxed waste for the same purpose. The DU wastes are contaminated with F-listed chlorinated
solvents, semi-volatile organic compounds, polychlorinated biphenyls (PCBs), and metals. The primary
contaminants of concern are tetrachloroethylene (PCE), trichloroethylene (TCE), Aroclor 1254, and
cadmium. The pyrophoric nature of the DU is also of primary concern. PCE and TCE detections range
from non-detect levels to 20 weight percent and 1 weight percent, respectively. Aroclor 1254 analytical
results range from non-detect to 1,700 parts per million (ppm). Toxicity Characteristic Leachability Test
(TCLP) results for cadmium were observed at levels up to 35 milligrams per liter (mg/1).

Approximately 36 cubic yards of contaminated soil may be added to the DU waste stream described
above. This soil is described as a gravelly clay and contains some debris (i.e., metal, plastic, etc.). The
contaminated soils have been containerized in ten steel waste boxes (3.6 cubic yards each). The soils are
contaminated with DU and organic compounds. U-238 was detected at activities ranging from less than
100 pCi/g to 4,000 pCi/g and PCE was detected at concentrations ranging from less than 1 ppm to 51
ppm. Aroclor 1254 was detected in nearly all soil samples collected, however, all concentrations
reported were below the 50 ppm TSCA regulatory limit. The contaminated soils are not considered
pyrophoric. The DU and soil wastes require treatment in accordance with Land Disposal Restriction
(LDR) requirements for FO01 and F002 wastes.

Waste Stream #2: Ten drums of cemented cyanide waste that were excavated from Trench 1 have
been overpacked into steel drums. The cemented cyanide wastes are described as damp-to-wet
unsolidified, granular, paste-like solids that contain asbestos fibers. Cyanide (total) contamination was
detected in the waste from 0.5 to 5.3 percent by weight. The waste also exceeds regulatory thresholds for
cadmium with TCLP cadmium concentrations ranging from 829 to 1,200 mg/l. The cemented cyanide
wastes also contains low levels of uranium contamination. U-238 activities up to 117 pCi/g were
observed in this waste stream. No volatile or semi-volatile organic compounds were detected in the
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cemented cyanide waste. The cemented cyanide waste stream requires treatment in accordance with
Land Disposal Restriction (LDR) requirements for F006 and F008 wastes.

As part of a market survey, RMRS is soliciting technical and regulatory permit information
regarding onsite and offsite services and equipment that are appropriate for the treatment and disposal of
the Trench 1 waste streams described above. This information shall include, but not necessarily be
limited to: technical specifications, treatment process flowsheets, statements of qualifications, similar
project experience descriptions, treatment system performance data, treatability testing capabilities, size
reduction and materials handling equipment and capabilities, permits, and waste acceptance criteria (i.e.,
offsite facilities). The ultimate goal of treatment is to allow the wastes in question to be transported to an
offsite, permitted facility for final disposal.

The waste streams, including secondary waste streams generated by any treatment processes, must
be treated and disposed of by no later than September 30, 1999. Waste treatment may be performed at
RFETS, but RMRS prefers for the waste to be treated at an off-site facility. If off-site treatment is
proposed the submittal must describe the regulatory structure under which the waste will be treated;
describe all required permits; include a corporate officer s certification stating all required permits are
current and will be valid through September 30, 1999; include the facility s waste acceptance criteria;
and include a copy of EPA s CERCLA off-site rule authorization letter.

Due to the nature of the work, RMRS is interested in proven technologies and methods for treating
and disposing of the Trench 1 wastes described above. Demonstrated experience in treating and
managing hazardous and radioactive wastes is necessary. A working knowledge of and demonstrated
compliance with DOE, EPA, and OSHA regulations is also necessary.

This advertisement is NOT A SOLICITATION for services. Responses to this advertisement will be
evaluated for the purpose of developing a list of vendors to which a Request for Proposal will be issued
at a later date. All submittals shall be received no later than 4:30 P.M. (MST) on December 14, 1998.
Submit responses and inquiries to Rocky Mountain Remediation Services, L.L.C., Rocky Flats
Environmental Technology Site, P.O. Box 464, Golden, Colorado 80402-0464, Attention: Robert
Cygnarowicz, Building T893B, (303) 966-7916.

CITE:
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C.0 EVALUATION OF ONSITE TREATMENT ALTERNATIVES FOR TRENCH 1
RADIOACTIVE METAL AND SOIL WASTES

The search for alternatives to treat Trench 1 (T-1) radioactive metal wastes and contaminated soils
identified six onsite treatment alternatives (i.e., implementation at RFETS). These alternatives are
evaluated in detail in this appendix with respect to their effectiveness in achieving regulatory-driven
treatment goals as well as the challenges associated with implementing the alternative at RFETS. The
evaluation concludes with a comparative analysis of the results of the evaluations which identifies two
onsite alternatives with the most potential for onsite treatment of the T-1 wastes in question.

The vendors offering an onsite treatment alternative along with the treatment technologies included in the
alternatives are summarized below.

Respondent Proposed Treatment Technologies

GTS Duratek Steam Reforming, Solvated Electron Dechlorination Technology,
and Stabilization.

Materials and Energy Solvent Extraction/Direct Chemical Oxidation, Thermal

Corporation Desorption, and Stabilization.

Geosafe Corporation Batch Vitrification.

ATG Continuous Plasma Arc Vitrification.

Perma-Fix Thermal Desorption, Direct Chemical Oxidation, and
Stabilization.

Starmet Solvated Electron Dechlorination Technology, and Thermal
Oxidation

C.1 GTS Duratek

Process Description. GTS Duratek proposes that the radioactive metal and soil wastes be treated with a
combination of steam reforming technology and solvated electron technology (SET) as illustrated by the
process flowsheet presented in Figure 1. The flowsheet indicates that the mineral oil is first removed
from the drummed waste. The solids are then "size reduced" and separated into various size fractions.
Size reduction and separation activities are performed under an inert atmosphere because of the
potentially pyrophoric nature of the DU wastes. Solids and debris larger than 6 cm are treated in the
steam reforming unit. Solids less than 6 cm and liquids (including the mineral oil separated in the first
step) are treated in the SET unit. The DU and soil wastes contained in B-12 and B-88 waste boxes are
also treated in the SET unit. Following dechlorination in the SET unit, the solids are treated in the steam
reformer where they are oxidized to eliminate the pyrophoric characteristic of the DU. The wastes are
then stabilized to eliminate the toxicity characteristic associated with the leachability of cadmium. Empty
drums and waste boxes are decontaminated to remove residual contamination and are subsequently
managed as empty containers.
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The steam reformer proposed by GTS Duratek is a batch process that consists of two primary units: an
evaporator and a reactor. The evaporator unit employs superheated steam at approximately 1100 F to
evaporate liquids and strip organic contaminants from the solid waste matrix. Chemical reaction between
the high-temperature water vapor and the organic contaminants begins to occur in the evaporator which
serves to crack heavier organic compounds into smaller, more volatile constituents. The degradation
reactions are especially helpful in aiding the volatilization of PCBs (normal boiling point approximately
750 F) from the solid waste matrix.

The resulting steam and organic vapor mixture is drawn through a high temperature particulate filter and
introduced into an electrically-heated reactor where the temperature of the vapor is raised to
approximately 2,000 F. Water is extremely reactive at this temperature and the degradation reactions
that begin in the evaporator unit are taken to completion. The result is a mixture comprised of simple
gases such as hydrogen, carbon dioxide, carbon monoxide, methane, hydrochloric acid, ammonia, and
water vapor. This offgas is quenched and treated appropriately prior to venting to the atmosphere.

The SET unit proposed by GTS Duratek is offered through Commodore Advanced Sciences, Inc. Itisa
pressurized, batch mixing unit that commingles solid wastes with a highly reductive liquid solution that
serves to dechlorinate organic contaminants present in the waste. Each chlorine atom is displaced by a
hydrogen atom, thus, transforming chlorinated organic compounds into non-regulated hydrocarbons. The
reductive solution is formed by the dissolution of an alkali metal such as sodium in liquid anhydrous
ammonia. The result is a solution charged with "solvated" or free electrons that are needed to drive the
dechlorination reaction forward. Pressurization of the mixing unit is required to maintain the liquid state
of the ammonia. After the dechlorination reactions are complete, the pressure is reduced to allow the
ammonia to vaporize. The reaction products remaining in the solid waste matrix are dechlorinated
hydrocarbons and chloride saits.

Process Evaluation, Both steam reforming (Gibson, 1997) and SET (Commodore, 1998) have been found
to be effective in reducing the concentrations of chlorinated solvents and PCBs required to meet Land
Disposal Restrictions. An important advantage of both treatment technologies is that the regulated
organic contaminants present in feedstock wastes are eliminated. This is in contrast with a physical
separation process that concentrates the contaminants in a secondary waste stream which must be further
treated. In the case of steam reforming, the desorbed organic contaminants are destroyed to simple gases
by reacting them with superheated steam. With SET, the regulated contaminants are transformed into
non-regulated hydrocarbons. Steam reforming technology has the added advantage of oxidizing the DU
(Waber, 1956), and thus, eliminating the pyrophoric nature of the wastes.

For these two treatment technologies to be effective, however, adequate surface area contact between the
solid waste matrix and the reagent (i.¢., superheated steam or solvated ammonia solution) is required.
The proposed process addresses this need by crushing and fractionating the wastes prior to treatment.
The larger size fraction is processed in the reformer unit where mechanical mixing is not available to
expose waste surfaces. Smaller solids, sludges, soils, and oils are processed in the SET unit which
provides mechanical mixing. There is uncertainty, however, that the degree of solid-reagent contact
necessary for effective treatment will be achieved in the SET unit when processing oily sludges and
pastes. "Channeling" is {ikely to occur in these wastes which will serve to limit the surface area of the
solid waste exposed to the liquid reagent.
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The proposed feedstock preparation activities should enhance the overall waste-reagent contact achieved
in the treatment operation. As noted above, however, whether the feed preparation measures will be
sufficient to ensure that treatment goals will be met is uncertain. Nonetheless, the proposed size reduction
and size separation activities proposed for the T-1 wastes have three important disadvantages. These
include worker exposure, equipment shutdown, and equipment decontamination. The potential for
exposing workers to contamination is significant considering the need to transfer the wastes from the
drums to the feedstock preparation equipment and from treatment unit to treatment unit.

It should also be noted that transferring the contents of approximately 25 drums will prove to be
extremely challenging. The drums in question contain extremely hard DU metal wastes. Repeated blows
with a non-sparking chisel were required to obtain samples from these drums. It is speculated that the DU
waste chips placed in these particular drums have fused into hard monoliths as a result of oxidation. The
hard and dense nature of the monoliths presents a considerable challenge with respect to removing the
contents of the drum, The drum in which the wastes have been buried may have to be cut away from the
contents which significantly increases the time that workers are in close proximity to the wastes.

In contrast, shredding entire drums along with their contents may decrease worker exposure to
contamination by reducing the amount of manual handling required. A shredding operation may,
however, increase the chance of equipment shutdown (e.g., jamming, plugging, etc.). In such an event,
the benefit of reduced worker exposure gained by shredding would be offset by the exposure realized in
resolving the cause of the shutdown and possibly making repairs to contaminated equipment. Even in the
absence of a shredding operation, shutdown and damage to the size reduction equipment proposed, and
subsequent worker exposure to make it operational, is of particular concern considering the fused DU
wastes described above. Plugging of screening equipment by the oily sludges and pastes is also likely.
The inerted atmosphere placed over the feed preparation operation is necessary to avoid pyrophoric
reaction, but has the drawback of requiring workers to enter an IDLH (immediately dangerous to life and
health) environment on supplied air to service equipment and for final equipment decontamination.
Although workable, alternatives that do not present this situation must be seriously considered.

Manual decontamination of drums, drum debris (present in B-12 containers), waste boxes, and feed
preparation and treatment units also provides opportunities for worker exposure. Also, the inability to
adequately decontaminate feed preparation and treatment equipment for free release as a result of hard to
reach surfaces would significantly add to the overall cost of the project.

The need for the aggressive feed preparation effort proposed by GTS Duratek must be examined with
respect to steam reforming technology. Entire drums of waste have been successfully treated in steam
reformers without the need to prepare the wastes (Synthetica, 1989). The obvious benefit is minimal
materials handling and worker exposure (DOE, 1998). This approach depends on the ability of
superheated steam at 1110 F to sufficiently penetrate the solid waste matrix and will, in large part,
depend on the physical nature of the waste. To be certain, treatability studies must be performed for each
waste stream. The need for treatability testing is acknowledged by GTS Duratek in their response to the
CBD advertisement. In addition to the uncertainties associated with effective steam penetration in the
dense DU solids and sludges, sludge-liquid contact in the SET unit must also be examined prior to
implementation of this treatment alternative. The treatability effort would have to consider the physical
variability in the waste stream. For example, a series of steam penetration tests must be examined to
determine the effectiveness of the technology on oily sludges, pastes, and densely compacted solids.
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Treatability tests must also be performed to support the stabilization operation. Specifically, testing must
determine the appropriate "recipe” and waste loading for the effective stabilization of cadmium.

This evaluation concludes with mention of several operational hazards associated with the GTS Duratek
treatment process. These include operation at high temperatures as well as the generation of flammable
(i.e., hydrogen and methane) and acid (i.e., HCI) gasses in the steam reformer. The latter is extremely
corrosive at the operating temperatures in question and can result in stress of system components.
Volatility of uranium metal will not be an issue once the oxide is formed although radionuclide-
contaminated particulate carryover from the evaporator unit to the reactor is of concern (DOE, 1998).
The latter depends on the physical nature of the feedstock wastes and how they are physically affected by
superheated steam. Hazards associated with SET unit include pressurized operation and mechanical
movement,

C.2  Materials & Energy Corporation (M&EC)

Process DescriptionProcess Description. M&EC suggests that the radioactive metal and contaminated
soil wastes be treated by solvent washing and vacuum-enhanced thermal desorption (TD), as illustrated
by the flowsheet presented in Figure 2. The flowsheet shows that after the mineral oil is drained from
each drum, radioactive metal and contaminated soil wastes are hand-sorted to remove large pieces and
metal for special handling. Larger pieces are fed to an auger for size reduction and the remaining material
is staged into the appropriate treatment volumes for processing. Per the flowsheet, the radioactive metal
waste is first treated by solvent washing and then by TD to reduce the chlorinated solvents and PCBs to.
below treatment goals. Following treatment in the TD unit, the waste is solidified to remove the
pyrophoric and toxic characteristics, Alternatively, feedstock soil is fed directly to the TD unit to desorb
chlorinated solvents and PCBs to below treatment goals. _

Waste liquids and sludge recovered during oil draining, solvent washing, and TD operations are treated
by direct chemical oxidation (DCO), and the waste from the DCO unit is stabilized for land disposal.
Containers are decontaminated with a non-hazardous solvent. The spent solvent is recycled to the solvent
washing unit.

The solvent washing unit mixes a non-hazardous solvent with the radioactive metal waste, such that
thorough and intimate contact is achieved, extracting the organic contaminants of concern into the
solvent. The radioactive metal waste is allowed to settle prior to draining the solvent from the mixing
tank, and the spent solvent is reclaimed by distillation using a batch still. This minimizes the quantity of
the spent solvent requiring treatment for disposal. The wet radioactive metal waste is transferred to the
TD unit for further treatment of the organic contaminants.

The TD system proposed is a batch unit that employs radiant heat and a sweep gas (i.e., air or inert gas) to
volatilize organic contaminants from the wastes into the sweep gas. A high vacuum is applied to the
desorber to enhance the volatilization of higher boiling point contaminants such as PCBs. The
contaminant-carrying sweep gas from the desorber is filtered to remove particulates, chilled to recover
organic constituents, and polished with activated carbon prior to atmospheric discharge.
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Process EvaluationProcess Evaluation. The primary advantages of solvent washing are its simplicity,
room temperature operation, and relatively high contaminant removal efficiencies for certain types of
wastes such as granular solids and sands containing organic surface contamination. Solvent washing can
also be very effective as a pretreatment step for significantly contaminated waste where removal of a
major portion of the organic contaminants enables the overall treatment process to attain final treatment
goals. Also, the solvents typically employed are non-hazardous and may be recovered and reused.

The effectiveness of solvent washing the T-1 oily sludges and pastes is uncertain, however. Particle size
and porosity of the waste solids as well as any surface coatings and channeling may limit the solid-liquid
contact achieved in the unit. The treatment approach suggested by M&EC addresses the need for solid-
reagent contact (as well as solid-gas sweep contact in the TD unit) by sorting and size reducing the wastes
prior to treatment. These feedstock preparation activities, which need to be performed in an inert
atmosphere, should enhance the overall waste-reagent contact achieved in both the solvent washer and the
TD unit. However, as discussed in Section 4.1 for the GTS Duratek process, size reduction and feed
segregation of the T-1 wastes have several important disadvantages including worker exposure,
equipment shutdown, and equipment decontamination. Entrainment of solids during solid-liquid
separation, safety hazards associated with using solvents with pyrophoric material, and the generation of
secondary waste streams (i.e., spent solvent and filter media) pose operational challenges with this
technology.

The suggested process will experience difficulty in processing the radioactive metal and soil wastes
contained in the B-12 boxes. If this material is processed in the solvent washer, a significant quantity of
solid entrainment may be observed in the spent solvent which will cause problems in distillation and add
to material handling problems of the secondary waste streams. Alternatively, the radioactive metal waste
and soil could be manually segregated, with the metal waste going to solvent washer and the soil to TD
unit. However, this will only increase worker exposure and it is suspected that the separation would not
be complete enough to avoid the aforementioned problems associated with solids carryover.

There is an abundance of data demonstrating the performance of TD technology for removing chlorinated
solvents. In fact, the TD unit proposed by M&EC has been successfully used three times at RFETS for
desorbing TCE and PCE from soils (i.e., Ryan's Pit, Mound Site, and the Trench T-3/T-4 projects). TD
technology has also been shown to be effective in the removal of heavier organic contaminants such as
PCBs (i.e., less than 2 ppm) when high vacuums are applied (Mclaren Hart, 1998).

The pyrophoric nature of DU and the presence of PCBs in the wastes necessitates the use of an inert gas
sweep. The presence of oxygen and PCBs at elevated temperatures may potentially result in the
formation of dioxin and furan compounds. Treatability testing must be conducted to ensure that such
reactions do not occur. Also, oils not removed in the solvent washer are susceptible to smoking, where
the nature of the radiant heat source can lead to high localized waste temperatures and subsequent
cracking of any oils present.

C.3  Geosafe Corporation

Process Description. Geosafe Corporation proposes that the T-1 radioactive metal and soil wastes be
treated in a batch vitrification unit. The primary components of the unit are illustrated in Figure 3 and
include a waste treatment cell, an offgas collection hood, and an offgas treatment system. The treatment
cell is constructed of reinforced concrete and is typically poured below ground surface much like a
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residential foundation. The bottom of the cell is "lined" with approximately three feet of compacted,
clean soil. Drums and waste boxes containing the radioactive metal and soil wastes are placed on the soil
liner in the center of the treatment cell. Mineral oil is drained from the drums prior to placing the drums
into the cell. Contaminated soil from B-88 waste boxes or clean soil is then used to fill the void spaces
inside and between the containers. Clean soil is then placed around and over the top of the drums and
compacted with a backhoe or excavator. The clean soil buffer extends to the walls of the treatment cell.

After the treatment cell is loaded and compacted, an electrically-conductive graphite material is placed on
top of the soil which provides the initial conductive pathway for the electric current that is necessary to
begin the melt. The offgas collection hood is then placed over the cell and an array of four electrodes is
inserted through the hood to the soil surface and graphite starter material. With the offgas treatment
system is in place, electrical energy is applied to the starter material through the electrodes. The electrical
energy is converted to thermal energy as it encounters resistance while traveling through the graphite.
The heat released melts the graphite and adjacent soils. Once the melt is formed, it serves as the
conductive pathway and heat source for the melt to grow. Soils and wastes adjacent to the melt are
heated by conduction and subsequently melt when they reach the appropriate temperature. As the melt
proceeds, the electrode array travels downward by gravity, delivering electrical energy throughout the
volume of the melt. The power required to carry out the melt typically ranges from one to four megawatts
depending on soil and waste type, waste loading, cell size, and desired processing time. The electrical
energy is provided by a 13.8 kV supply line. The temperature of the melt typically ranges from 1,600 to
2,000 C.

The temperatures achieved in the melt serve to pyrolize organic contaminants and debris present in the
soils and wastes to simple gases (e.g., carbon dioxide, carbon monoxide, simple hydrocarbons, water
vapor, and hydrochloric acid). The offgas leaving the collection hood is

filtered, quenched, scrubbed and polished with activated carbon prior to atmospheric discharge. Inorganic
contaminants are oxidized and are chemically incorporated in the melt. After all wastes are melted, as
indicated by the electrodes reaching the soil liner, the power is de-energized and the melt allowed to cool -
and solidify (several days). The resulting glass-like product is chipped out of the treatment cell and

~ containerized for subsequent disposal. The treatment cell is charged with the next batch and the process
repeated,

Process Evaluation. The batch vitrification process proposed by Geosafe has several important
advantages with respect to the treatment of T-1 radioactive metal and soil wastes. First and foremost is
the minimal amount of feed preparation and worker handling that is required. The process does not
require that wastes be removed from their containers. The steel drums and waste boxes are melted along
with the wastes in the treatment cell. Feed preparation consists of draining the mineral oil from the
overpack drums, removing overpack drums and inner drum lids, filling void spaces within the primary
containers with soil, and compacting the containerized material. The drums and boxes are also pierced to
provide additional pathways for the vapors that are generated inside the containers to escape. The
compacting and piercing activities are performed in the treatment cell with the aid of heavy equipment.
In the event that pyrophoric activity is observed while preparing the batch charge, clean soil can be used
to smother the reaction as was done during excavation. The residual mineral oil remaining on the solids
should reduce the potential for pyrophoric activity relative to what was encountered during excavation.

Batch vitrification of the wastes takes place without the need for mechanical movement of feedstock
wastes, reagents, or product (e.g., feed delivery, waste-reagent mixing, etc.). The absence of moving
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parts greatly reduces the likelihood of a process shutdown, and thus, the need for operators to work on
contaminated equipment during restart efforts. The blowers and pumps associated with the offgas
treatment system are not immune to operating problems, however. Because these components are located
downstream of the treatment cell, working on them should afford minimal exposure to contamination.

Other than the heavy equipment and associated compacting and piercing attachments, there is no
equipment that comes in direct contact with the waste that would otherwise require decontamination at
the conclusion of the project. While processing the last batch of waste, the melt is allowed to proceed
through the soil liner and the bottom of the concrete treatment cell. As long as the clean soil buffer
between the treatment area and the cell walls is maintained throughout the project, unmelted soil and the
cell walls should not be contaminated. The cell walls can be broken and disposed as clean rubble or used
as structural fill material.

As is the case with steam reforming and SET, vitrification has the benefit of eliminating regulated organic
contaminants in one step. In addition, vitrification also has the benefit of stabilizing radionuclides and
hazardous metals in this same step. The need to transfer the wastes to a cementation unit, for example, is
eliminated. Stabilization is achieved by chemically incorporating the metals into the glass product. In
order for a metal to be chemically incorporated into the glass matrix, it must be in the form of an oxide so
that it is "compatible" with the chemistry of the melt (i.e., silicon and aluminum oxides). Fortunately, the

. thermodynamics at melt temperatures favors the formation of uranium oxide over the iron oxides present

in the soils. Thus, the metallic uranium present in T-1 wastes will preferentially oxidize while the iron
oxides present in the soil and wastes (e.g., corroded drums) are reduced to metallic iron. Once oxidized,
the uranium is chemically incorporated into the melt and final glass product in the same manner that lead
oxide is incorporated into glass crystal. Retention of radionuclides and hazardous metals in the melt may
be adversely effected if the soils and wastes placed in the treatment cell do not possess a sufficient iron
oxide content to ensure complete oxidation of all metallic uranium present in the wastes. In such cases,
ferrous oxide can be mixed in with the native soils to ensure a stoichiometric excess of mineralized
oxygen.

Bench-scale vitrification data indicate that as much as 99.99% of the uranium present in the feedstock
wastes is retained in the final glass product (Hansen, 1991). Similar studies have indicated retention
efficiencies as high as 99.99% for thorium as well (Hansen, 1991). Unfortunately, bench- and pilot-scale
vitrification studies suggest only a 67 to 75% retention efficiency for cadmium, a semi-volatile metal.
Volatilization of cadmium from the melt to the offgas is the biggest drawback of using batch vitrification
for the treatment of T-1 radioactive metal and soil wastes. There are several measures that may be taken
to achieve the highest possible retention of cadmium in the melt. First, a "extra thick" clean soil layer
may be placed over the top of the wastes which will create a thick contaminant-free layer of molten
material through which elemental cadmium will have to travel in order to volatilize to the offgas stream.
The higher residence time in the melt increases the probability that cadmium will be converted to a non-
volatile oxide and remain in the melt. A thick melt layer above the wastes will also serve to maximize the
degree of organic contaminant pyrolysis achieved prior to volatilization from the surface of the melt.
Second, the offgas scrubbing unit should be designed to maximize cadmium removal. Finally, the
temperature of the melt should be maintained at the lower end of the vitrification temperature range to
minimize the driving force for cadmium volatilization. Vapor bubbles generated within the melt from the
volatilization and pyrolysis of residual mineral oil and organic compounds will offset these measures,
however. Vapors traveling upward through the melt will serve to transfer contaminated melt upward as
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well, effectively reducing the volume of melt that a contaminant must first migrate through prior to
volatilizing to the offgas.

Another disadvantage commonly cited when considering vitrification for the treatment of hazardous and
mixed wastes is the potential for pressurization of void spaces that may exist in the wastes matrix. Hot
gases generated by the melt can accumulate in void spaces. If the space is large enough and sufficiently
confined, violent release of accumulated vapor can occur in the melt. This phenomenon is of particular
concern when attempting in place vitrification of buried wastes (i.e. in sifu). In this case, it is difficult to
know where void spaces may exist in the subsurface or within buried containers. In contrast, there is
much more control and certainty in ex situ applications of this technology. As described above, excavated
wastes are placed into a treatment cell in a controlled manner. Waste containers are opened and any void
spaces present are filled with soil. The fill is compacted and the containers are pierced to provide vapor
release pathways in addition to open top of the container. The latter measure is especially important
considering that the melt progresses from the top to the bottom of the treatment cell.

Another drawback of batch vitrification is the generation of waste streams such as spent filter media,
scrubber solution, and activated carbon. The technology does provide for the recycle of much of the
secondary waste generated during a project to be recycled to the treatment unit. Unfortunately, this is not
an option for the secondary wastes that are generated during the last batch processed.

The vitrified glass product is a superior waste form and is well suited for land disposal. Because the
uranium, thorium, and cadmium are chemically incorporated into the product, leachability of these
inorganic contaminants is essentially nonexistent as determined by TCLP analysis (Hansen, 1991). The
glass product is also structurally sound and is reported to be approximately ten times stronger than
unreinforced concrete.

From an implementation standpoint, the offgas collection and treatment equipment is readily available
and transportable. The treatment cell is specifically designed and constructed for the application at hand.
Treatability testing is necessary to support the design of the cell and preparation of the batch charges.
Treatability testing allows determination of the proper waste loading and the necessity of introducing
conductive and oxide additives to the native soils.

As noted above, the process requires one to four megawatts of power. Discussions with RFETS
Engineering and Plant Power personnel indicate that the 13.8 kV overhead line at the T-1 project site is
capable of supplying the required power.

C.4  Allied Technology Group (ATG)

Process Description. ATG proposes that the T-1 radioactive metal and soil wastes be treated in a
continuous vitrification unit. As illustrated in Figure 4, electric power is delivered to the treatment unit in
two forms. The first is an alternating current, similar to that employed in the Geosafe batch vitrification
process, that is applied to the melt at the bottom of the unit. As described above, this electrical energy is
converted to heat as resistance to the current flow is encountered in the melt. A second source of power, a
high energy direct current, is applied in the vapor space directly over the surface of the melt. Unlike the
flow of current through the conductive melt, the direct current energy arcs across the non-conducting air
space, and in the process, creates an extremely high temperature plasma (approximately 12,000 C) .
Radiant heat from the plasma also provides thermal input to the melt.
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In practice, waste is continuously fed into the treatment chamber with an auger. The feed is directed
through the plasma and into the melt. Pyrolysis of organic contaminants occurs in both the melt and the
plasma arc. The elevated temperatures of the plasma ensure that the pyrolytic reactions are taken to
completion to form carbon dioxide and hydrogen. The offgas from the plasma arc unit is treated prior to
atmospheric discharge in a similar manner as described earlier for the batch vitrification process.

Under steady state operating conditions, the melt continuously exits the treatment unit through an
overflow weir. The molten flow is directed into waste containers where it is allowed to cool and solidify.
Metallic iron from the waste containers and the reduction of iron oxides in the feed soil (see Section 4.3)
is similarly removed as it accumulates at the bottom of the treatment unit.

Process Evaluation. Many of the same assessments made in Section 4.3 for batch vitrification technology
also apply to ATG's continuous plasma arc vitrification process. Both technologies offer the benefit of
organic contaminant destruction and inorganic contaminant immobilization in one processing step. The
feed must be properly prepared for both processes to achieve the proper waste loading, melt conductivity,
and ferrous iron content. Both technologies produce the same superior waste form that is well-suited for
land disposal. Finally, treatability studies are required in each case to obtain waste-specific performance
data that allow the processes to be tailored to the waste treatment application. With these commonalities
in mind, the remainder of this evaluation focuses on the important differences between ATG's continuous
vitrification process and Geosafe's batch vitrification unit with respect to the treatment of T-1 wastes.

The degree of materials handling necessary to prepare the wastes for treatment constitutes an important
difference between ATG's plasma arc process and Geosafe's batch vitrification unit. The continuous feed
and processing requirements of the plasma arc process necessitates size reduction and blending of the
wastes to ensure a successful operation. Such activities raise concerns of worker exposure and equipment
downtime as discussed in other sections of this report regarding the technologies proposed by GTS
Duratek, M&EC, and Perma-Fix. The ability to decontaminate the feed preparation equipment and feed
auger for free release at the conclusion of the project is also uncertain.

Continuous processing does offer the opportunity for higher overall waste processing rates if the
equipment can be kept operating. Specifically, production time is not lost while waiting for batches of
vitrified waste to cool and solidify (days) and for the contents of a batch treatment cell to be manually
broken apart and removed. The advantage of increased throughput achieved by continuous processing is
not significant for the T-1 project, however, considering the relatively small volume of wastes that require
treatment. In contrast, the risks associated with auger jamming and flow blockage are far more important.

Another critical disadvantage of the plasma arc process relative to batch vitrification is the potentially
higher volatilization of cadmium (as well as uranium and thorium) resulting from the 12,000 C plasma.
Treatability study data are required to evaluate this issue. Volatilization of cadmium may be further
promoted by the relatively small volume of vitreous melt present in the plasma arc treatment unit. The
smaller volume of melt may afford less opportunity for cadmium to oxidize which could lead to lower
retention efficiencies of the metal. Moreover, the design of the plasma arc process does not provide for
the development of a clean melt layer over the wastes as is the case in batch vitrification. As discussed
above, a thick layer of clean melt will serve to increase the likelihood that cadmium vapor migrating to
the surface of the melt will be condensed and converted to a non-volatile oxide. Of course, the duration
that contaminated wastes are maintained at melt temperatures is, on average, shorter in a continuous
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process than in a batch process. It should also be noted that the high temperatures present in the plasma
arc will pyrolize organic contaminants more completely than in the batch process. This advantage is
somewhat offset, however, by the ability to recycle secondary wastes in the batch vitrification unit.

CS5 Perma-Fix Environmental Services

As with M&EC, Perma-Fix suggests that solvent washing and TD technologies be used to remove
organic contaminants from the T-1 radioactive metal and soil wastes (Figure 5). Likewise, cementation is
proposed to solidify wastes prior to disposal. Description and evaluation of these technologies for the
treatment of T-1 wastes need not be repeated. The reader is referred to the discussion and analysis
presented in Section 4.2.

C.6  Starmet Corporation

Starmet proposes that the Trench 1 radioactive metal wastes be segregated into four groups and each
group treated as follows:

Group g;::riaﬁcation Proposed Treatment Strategy
1 LLW Treatment at Starmet's DU processing facility in South
Carolina.
2 LLW/TSCA Onsite treatment By SET followed by treatment at Starmet.
3 LLW/RCRA Treatment at Perma-Fix in Gainesville, Florida.
4 LLW/RCRA/TSCA | Onsite treatment by SET followed by treatment at Perma-Fix.

Except for the DU ingot, all Trench 1 radioactive metal wastes are LLW/RCRA/TSCA and fall into
Starmet's Group 4. The DU ingot is LLW and falls into Group 1. The choice to dispose of the DU ingot
at NTS rather than have it processed at Starmet is based on economics. Likewise, the combination of
onsite and offsite treatment proposed by Starmet for all other Trench 1 wastes is not economical. It
makes far more sense to continue treatment through to its logical end once it is started as opposed to
repackaging SET-treated DU wastes with fresh mineral oil and shipping to an offsite location to complete
treatment. Also, there are several disadvantages with using SET to treat the Trench | radioactive metal
wastes as described in Section 4.1. These include significant materials handling and worker exposure, the
potential absence of adequate solid-liquid contact in an oily or pasty sludge (i.e., channeling), and
equipment decontamination. Finally, as discussed in Section 3.2, Perma-Fix is not fully permitted to treat
LLW/RCRA/TSCA waste at this time. Such a strategy would necessarily involve interim storage of the
wastes for one to two or more years prior to treatment. The permit status of Perma-Fix was discussed
carlier in Section 3.2.1.
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C.7  Comparative Analysis

The evaluations presented above suggest that two technologies, steam reforming and batch vitrification,
have the most potential for the onsite treatment of the T-1 radioactive metal and soil wastes. The
distinguishing benefits of these technologies include minimal feed preparation and worker exposure and
the destruction of organic contaminants in one processing step. Batch vitrification has the added
advantage of immobilizing the inorganic contaminants into a superior waste form in this same processing
step. There are uncertainties associated with the application of each of these treatment technologies to the
T-1 wastes. In the case of steam reforming, for example, there is uncertainty regarding the ability of the
steam to effectively penetrate the various solid waste forms without first size reducing and segregating the
feedstock. Uncertainties regarding batch vitrification include hazards associated with void spaces present
in the wastes, vaporization of semi-volatile metals, and formation of dioxin and furan compounds
resulting from the partial oxidation of PCBs in the feedstock. Nonetheless, the evaluations suggest that
immediate implementation of onsite treatment would best be pursued with the Geosafe batch vitrification
process. The technical and operational issues associated with batch vitrification appear to be manageable
through the design of the feed batch charge. Onsite implementation of batch vitrification is therefore
examined below in more detail.

From an implementation standpoint, Geosafe Corporation appears to have a fair amount of operating
experience with vitrification technology. The company has completed 85 large-scale melts comprised of
approximately 22,000 tons of waste since 1993. These melts consist primarily of test demonstrations, but
several full-scale remediation projects account for the balance. The latter includes the in situ and staged
batch vitrification of hazardous wastes present at three EPA Superfund sites. Also, the company is
currently involved in the in situ vitrification of 21 burial pits contaminated with plutonium and uranium at
the Marlinga site in Australia. Treatment operations began at this site in May 1998, and since that time,
12 of the anticipated 26 melts have been completed. Geosafe also has experience working at the
following DOE sites conducting bench-, pilot-, and demonstration-scale work: .

Hanford Large-Scale Demonstration 1989, 1990
INEL Pilot-Scale Test 1987, 1990
Oak Ridge Pilot-Scale Test 1987, 1991
Savannah River Bench-Scale Test 1993
Brookhaven Bench-Scale Test 1996
Oak Ridge Large-Scale Demonstration 1996
INEL Bench-Scale Test 1998

In addition, the company will begin a test demonstration at LANL in February 1999, The demonstration
will involve two in situ large-scale test melts, the first in a "cold" area and the second in a "hot" area. The
hot area is contaminated with several radionuclides including plutonium, uranium, americium, and
cesium.

Final assessment of onsite batch vitrification for the treatment of T-1 wastes requires detailed evaluation
of the process data generated by vitrification projects conducted to date. Analysis must focus on the
physical and chemical nature of feed wastes processed, design of the batch charge, offgas analytical data,
the necessity and required scope of treatability work, and operational and cost considerations. Additional
analysis must also consider the costs associated with all RFETS-specific requirements that may apply to a
vitrification operation (e.g., the need to conduct an environmental impact statement). Nonetheless, a
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budgetary cost estimate for the onsite batch vitrification of T-1 radioactive metal and soil wastes has been
prepared and is presented in Table C-1. The estimated cost of approximately two million dollars includes
the preparation of project control documents (e.g., PAM, HASP, SAP, etc.), treatability testing, extensive
analytical work, as well as contingency funds for unanticipated costs.

The schedule for planning and executing a batch vitrification project at RFETS is anticipated to be similar
to that experienced for the thermal desorption treatment of Trench T-3/T-4 soils. The significantly
smaller volume of wastes in the T-1 project will be offset by the unfamiliarity of the vitrification process
to personnel at RFETS and the potential need to conduct a treatability test. Overall, a batch vitrification
project, from planning to treatment to closure report preparation is expected to take approximately 15 to
18 months (see Table C-2).
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Table C-1

Budgetary Cost Estimate

Batch Vitrification of Trench 1 Wastes at RFETS

Planning

Document Preparation’
Ace Review

Treatability Study
Plan Preparation
Pilot Vitrification
Test Report
Mobilization
Transport and Assemble Equipment
Plant Power Modification
Cell Construction

Readiness Review

Treatment

Treatment @ $2,000 per ton®
Electrical Power
Breakup and Containerize Product
RMRS Field Support

Analytical

Demobilization

Disposal

Project Closure and Final Report

Subtotal

Contingency @ 15%

Total Estimated Cost

87,200
21,600

20,000
60,000
16,000

220,000
18,000
30,000
16,000

312,480
N/A
15,000
288,000
250,000
130,000
236,008

22,800

2,004,551
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For Trench 1 Radioactive Metal and Soil Wastes"

Table C-1 (cont)

Budgetary Cost Estimate
Batch Vitrification of Trench 1 Wastes at RFETS

Cost Estimating Assumptions

'Includes the preparation of the following project-specific documents:

Proposed Action Memorandum (PAM), Field Implementation Plan (FIP),
integrated Work Control Package (IWCP), Design and Operating Plan,
Hazard Analysis Report, Health and Safety Plan (HASP), and the Sampling
and Analysis Plan (SAP)

*Treatment cost estimate is based on the vitrification of approximately 156 tons of radioactive metal
and soil waste consisting of 130 overpack drums, 29 B-12 containers, and 11 B-88 containers.
Cost estimate includes all associated field labor, health and safety, and radiological monitoring support.
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Elapsed Schedule for Onsite Treatment of
Trench 1 Radioactive Metal and Soil Wastes

Table C-2

Activity

Duration
(months)

Procure Treatment Services
Prepare Statement of Work
Evaluate bids
Negotiate and award subcontract

4

Project Documentation and Planning
Proposed Action Memorandum
Health And Safety Plan
Field Implementation Plan
Integrated Work Control Package
Sampling and Analysis Plan
APEN

35

Conduct Treatability Study

31

Mobilization, Training, Setup, and System

1.5

Treatment and Waste Packaging

Decontamination/Demobilization

Waste Disposal

-TOTAL DURATION

15-18

' If necessary.
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Permit and License Status of Offsite Commercial Facilities
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Oo.._u. include 7 processes {including capabiity |study; requires 45 day 1998, Permit expected __Ea.._..a. since facllity is located at March 1999; Licenses are not in place.
OCakidge, TN to treat T-1 DU wastes); Permit expected |notification period to the State. |in Summer 1999. DOE Ske; Radioactive Materials _unaﬁﬂ_ .
in Summer 1999, {Lab -scale equipment only. License applied for and approval is to perform
expected by 1/31/99. License wil Treatabiity
allow up to 80 Ciof DU matesial. Study.
ATG-Richland Applied for RCRAITSCA permit 2/98; Coukd perform Treatability Penmit expected in {No YES; can receive up to 10,000 kg  [Yes {No {Expected o [No No; T-1 waste wil exceed | Yes/No
Richiand, W, Draft permit expected 1o be issved 1/89. |{Study, however, ATG prefers to |MaylJune 1999, permit of Source Material. Can submit be issued 10,000 kg requirement for
Full permit issue expected in Aprl 1999, Iwalt for issuance of Final Part B | will require thermal project speciiic License with RCRA Rad. Material Licénse,
Effective May 1999. in May 1999 treatment for PCB's. Amendment to allow greater permit. Will %zﬁhﬁ%
uantities of material-expect 3-4 require permits ane not ¥
weeks for Amendment Approval verification _uﬂom.gww._otmﬂ
Ioy K-H 1 cyanide wastes potentialiy
Compliance in place by May 1999
Group. | Abity to treat T-1.DU
wastes with Vitrifibation
potentially by 1st QTR
2000. ATG must |
demonstrate prockss prior
to fudl operation. .
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will allow treatment-intent to issue approval expected dispose at - jand up to 200 nanoCi for DU. Can joy K-H requirements, RCRAITSCA
expected Feb 89, then 45 day wait period Spring 99; Mo treatment |"pre- submit Project specific mod., Compliance treatment pesmits are not
Permit; but could treated”  [expect 1-3 weeks. Group. presently in place. T-1
TSCA permit from other will presently meet WAC or
| moblte unit. . : could be accepted under a
RCRA, Treatabéiity Study

_umﬂ Yes, existing pennit Is for liquids {<5 Yes, could perform Treatability |No, but could depend  |No Yes, approved for Solidification Yes Yes Yes Yes Solid waste does not meet |No/No

Kingston, TH | micron sofids). Permit Modification for | Study. upon National TSCA Process. only (up to 10,000 cubic WAC; however, drained
{liquid waste capabiity |solid waste to be submitted 2/99. permit from other mobile{ Ifeet per year). - and butked minera od
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months. Permit will cover stabilization
only. .
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Specialists stabiization/solidification and chem. Study of RCRA-only materials. |permit application in . |for new treatment processes {i.e. 2/98 permit penmit Emited _ )
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foc treatment of T-1 DU wastes (add months) required prior to months for approval. 2-3 months expected. Ciean Air
thermal desorb/oxdn estimate 12-24 accepting T-1 cyanide wastes. Provisions.
months). i
|Envirocare of Utah | Yes; permit allows for Yes, could perform Treatability |No {No Yes Yes Yes Would No No, Could not hai the [NoMo
modification would be required for available ooy modification RCRA permit doels not
treatment of T-1 DU wastes (estimate to permit for presendy allow fop required
months). new - treatment proceses to
treatment handle T-1 DU 3
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Analytical Data Summary - Radicactive Metal Waste Siream
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|
f
[Chromium | Copper| Lead |Nicket [ Selenium [ Siver] Thallum { venadium | Zinc

2
i
|

Al Rad i pClig mass ratio |isolopic _ |Acitles in pCip n In
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_@B.m&e 09838 et Biack powsder + kamings EIGALOP | 158000 1270 0.13 30800 | o042 004 | 3000000 | 8000 No Metals Anolyses not Requesied. .
aAz105-006 | 209850 Black paste BIGALOP | 200000 1480 0.11 ND NDc NDc 3000E_| 200 No ___Metals Analyses not Requested. ;
[seaz105-013 | xooeas Moist biack powder + yellow + shiny culting BICALOP | 182000 1,100 0.09 ND NDc 22¢ | 20000000] 1000 Metals ot Requested.
_Bﬁ.g_ X00631 Small yelow + green DU + Mngs B 181,000 2280 020 ND oc | MBc 1,000 | za00 ow level detection No | oD [ 195 w0 | wo | s 33 {#]es] o [mo]| w0 N0 |37
98AZ105-014 | XD9E25 DU black siudge + yellow + orange + 8 179,000 1700 0.15 ND oofc | moc | 100008 | 400J oD Metals Analyses not i
losaz105-m5 | xoee72 Wet biack cohesive Tungsten confirmed B3.GAL OP 22,500 w7 015 350 o8 043 | 20000E | 1.000.00 60D _Metals Analyses not Requested. :
losazt05-m6 | xno824 black + green 8- 183,000 2010 016 ND oofc | Noc | 300000 | 30000 Metals Analyses not
[oa2t05-017 | x00867 Damg black powder cohestve 83-GAL OP 218000 2380 017 ) 016c [ NDc | 700000 § 300000 Many low jevel detection | 220 | 1 { o0 !
{oeaz105-019 _ | xnoesai Damp Btack +fmings BRGALOP | 235000 1590 010 ) otsc | WDc 3.0 [ 430 Metais Analyses not Requested. :
{oeaziosceo | xnosss| Saluraled biack wet , muddy olty 0a.GAL OP 165,000 1330 01 D 1000CE § 40800 mwi M Metals not .
|oeaziosazt  { xnoezy Metal furrings big springy green B 228,000 1820 | 013 ND 278 | o4 . (TR 200 354U | 1779 70 | 77U 284 4250|1080
9eAz105.022 | xpoa77 Damg cohesive preen DU S3GALOP | 174000 1460 | 013 ND 007c | NDc | 20.000E | 10400 420 ___ Metals Analyses not Requested. [
8A2105-023 | xoo8s? Peanut butter 83-GALOP [Th232 @@ 19.700; U238 G 0 034c | NDe 1000 | 530 low level detection | 2200 Be2u [ a4qw] 5418 | 176U | 441y rO5U osU_|26.44
06A2105-024 | x09852 Peanut butier - 63-GALOP [Th232@ 18.348; U238 @ D 100 | 5% _ ow level detection 54y | 477u] s688 | 1900 | a77u 783 4u {2860
96842105026 | x09628| DU metat rnings green + pellow - B2 213,000 1420 0.10 034c | * NDc 128 N Metals Analyses not Requesied. |
|peaz105-027 | x00841 Green hard 83-GAL OP 237,000 1670 .11 0 -0.04 037 s20 | oows Metsis Analyses rot Requested.
|osa2105-028 | xoees9 Dry sbicky black requined miners ol inert S3GALOP | 222000 1760 012 ND NDc 22¢c 1.00 N At high Metals Analyses not Requested :
g8A2105-009 | xpoe70 Damp black powder 83-GAL OP 84,000 2% 0.08 ND 016c § MNDc | 40,0006 { 20000 580 Metals Anaiyses not Requested. .
9842105000 | xnoess Damp biack powder 3CALOP | 219000 1,590 0.11 NO 016c { WDc | 400000 | 37 Phenantivens > UTS { 230 1840 | 13.48] [ a3 | o2u 574 214U |36.28]
osA2105.03¢4 | xooers) - Dry biack metal chips + green BIGALOP | 256000 1.550 0.09 07ec | 05c 300 | oo%ed _Metals Analyses not Requested.
SBAZ105-035 | X09665 Carnp black chips & humings B3GAL OP 80,100 540 014 o7 c NDc 50000 [ __Metais Analyses not Requested. .
S8A2105-006 | X06B4S Dark greenbiack + green powder 3GALOP | 241,000 1540 0.10 offc | NDc s0000 | 120 et Analyses notRequested. e
98A2106-007 | X00844 Biack patsy material no fee Squid - 83GALOP | 97,000 2740 022 ND NDc NDc | 200006 | 20000 [z%
SEA105-038 | Xeeso Dry Fine green chips + umings - S3GALOP | 218000 1350 0.10 Mo oiéc | o019c | 1000E | 20000 Napthaiene > UTS 205
18842105040 | X05623 Greenrocky + pearut butler  ~ B12__[Tha® @ 4,107.1; U238 59693 0Me | wDc 35.00 [ Metals Analyses not Requested. ;
W»ﬁﬂx. X00674 Dry pranciar yellowr + green - BIGALOP | 207,000 1810 014 ) Otdc | Ci9c 1% | w Metals Analyses not Requested.
SBAZ105-042 | X09660 Dry coheshve - sagaor | 215000 | 1710 012 ND 004 0.28 400 | 249 ___Metals Analyves not Requested.
*Bxug 00662 Dry biack chips + umings saGaLor | 2700 1,840 on ND 027c | o0Sc ND N Metals ot
96A2105-044 | 00662 Dry black chips + lumings __ ~ 8GAaLoP | 274000 1560 008 ND 0B | W I m
|seazios.04s | xnoess Black chips + kimings 83GALOP | 265000 4960 | o012 ND orc | woc |ossse]| wo Many low fevel detection 1 1 : 9.8
|oeaz105047 | xnoe7s Green fine + shiny 83-GAL OP 199,000 1910 015 KD 010 045 20008 o ”_Metals Analyses not Requested.
|ssazt105-048 | 0883 Black chips + tumings +brownshiny 83GALOP 26400 459 o HD G17c | ©59c | 3000E | 000,00 _Metals Andlyses not Requested.
|peaz105.045 | x10058 Brown DU + green clips - 110GALOP | 263,000 2320 013 ND ND¢ NDc 120 ND Metals Aralyses not Requested.
|oaa2105.050 -7 xnee08. Yellowter e B2 192,000 2250 0.18 ND of7c | osac 2000 | 018 Metals not
|peaz105051 —_{ xo0esa DA back chips +fumings 83IGALOP | . 245000 1,690 011 ND 027c | oSc 250 Al any low levet 184U | 1648 aw | emv |z058 120|580
|ssa2105083 | xoeess] DU black dumings + chips 8IGALOP | 258,000 1,900 011 ND oi7c | mpe 1.80 05 Metals Analyses not Requesied. .
|esa210505¢ | o067 blackireen'yeliow dry chips BIGALOP | 250,000 1,920 012 ND eA7c | 059¢c 0% | Np Metals Analyses not Requesied. i
|s8az105055 | xooes7 biack fumings + chips+ dull green B83-GAL OP 253,000 1,650 0.10 ND 027c 05¢ 0.068 J Metals Analyses not Requested. !
|ssaz105.056 | xoceaz ‘Shiny black + dark green hard B3-GAL OP 162,000 1,420 0.14 ND otdc | 0M9c 12B N Metals Analyses not Requesied. |
19842105057 _ | xmoess blackchips . B3-GAL OP 140,000 1,350 0.15 ND 027c | osc 400 | el Phenanttvene > UTS [ tow detections I )
|sen2105.050 | xoces+ soll+ lce cream no DU 83GALOP 91.200 i 014 ND Oi7c 058¢ 9380 otds __Metals Analyses not Requested
[98a2105060 | smoers Green + black + shiy BIGALOP | 2665000 1920 0.11 ND 0i7c | wpc 020 ) Metals Analyses not Requesied. i
9BA105-061 | 09657 Stainless + green DU 83-GAL OF 162,000 1,930 o.19 NO o.47¢ asac 11 BD 045 Metals Anafyses not Requesied. |
98A2105062 | 00685 Peanut butier B3-GAL OP 178,000 1750 0.18 NO D¢ NDc 0868 N :Eﬁ :
0872105063 | %09868] _ice cream containers+ biack DU chips +tumings | B3-GALOP | 261,000 1,640 0.10 NO 017c | NDc 047 N [Low level del TiCs No metals detacted !
982105064 | x06688]  ice cream containers+ biack OU chips +tumings | 63Gator | 2seoo0 | 1380 | oo8 MO 025 | W0 Low levet Tics 1 ! | , 7y
{98A2105066 | xo08a5 _black “pumice”ired DU powder 8IGAL OP 245000 1.880 012 HD o0 o041 0288 Metals Analyses nol Requested.
{0822105067 | %09664] _ice cream comtainers + 508 +bright green DU E3-GAL OP 197.000 1,860 013 ND Otdc | 0.18¢c 138 o Metals Analyses not d L
{saa2to5.068 | x0osss __SqpH=8, pumped i, ice cream cont, black wet BIGAL OP 2,920 21 0.11 ND ND¢ ND¢ 1688E | an Metals Analyses not Requested. :
{o8A2105.068 | xooest ke i green oranular DU E3-GAL OF 161,000 1.740 0.1 ND 0.04 051 318 | o866t - Moetsls Analyses not Requested.
|peaziosore | xoeezs| green o [on B 199,000 2216 | o ND os0c | oze 0.06 3 Low level detections, TICs [ towdetections | !
[seratosarz | xooess| ™ sot+ ary e cream cont. biack chips + green 83.GALOP 195,000 2280 NO NDc | 020c 100 ] ] Metals Analyses not I
loeaziosors | xeers cream cont. sand paper peami buller | 83GALOP | 173,000 1380 Ne_ | wpc | oc | ze0 | WO 1 Metals Angtyses not w
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Table A-§ {cont)
Analytical Data Summary - Radioactive Metal Waste Stream

. (Gamma Spec {c = composiie) TCLP for
AX Rad in pCllg mass ratic {isoloplc  JActvies in VOCeinmoty Cadhun
[ rn tocsed Descriphon_ CotaineTypel U238 | U235 | zezsn | AM241 | Ama#t [Puzsroeo] PCE | TCE Hy 1 (moh |
{ses2105074 | xneear Green chips + kenings+hiack studge 812 16200000 | 105000 | o018 ND NOc | 038c o2t {: ND
{serc1o5.0vs | xooess Biack chips + tmings+ soll Hiqukl drops scaLop | 17700000 | 299000] o190 ND woc | 038c 049 | ND
{ses2105078 | xno6co LANL ol watler drops+ green fumings e3.GALOP | 24100000 | 2m000] @19 NO ND ND 088 | ND
[seAzt05079 | Dermz __Black paste + green - S5GALOP | 17800000 | 243000] 02t ND noc | ootic | o ND
_|||8p.~_3§ | X00842} _qudd (ph+=4). black posie peanut butiersdwmings | E3.GALOP | 16400000 | 165000 018 KD NDc ! 038¢ 0rm 3 MO
9842105061 { X00630 freen granuiar + solf + gresntbiack malist E3GALoP | 19200000 | 273000| 022 ND ome | oxe 038 ND
[s8az105082 | Dess1s _Green lumings + DU mixed solsparks S5GALOP | 15100000 | 226000 .023 NDc { 043¢ N0 | ino | fuer? 11 Metals Anatyses not d
|seaz105-083 | Damia7 hard dense green i biack+ sl kurnings S5GALOP | 16800000 | 241000 o022 o loozic]| ome _ >uTl 15D {  lowdetoclons i
|seaz105-085 | Dos17 biack paenut butier S5.GALOP | 176,00000 | 159000 | 0.4 ND NDc [Juild 038 ND 38D Metats Analyses not Requested.
|seAz105005  {Derses| wquids pH=7, top mua, du green peanut butter ssGALOP | 17900000 | 253000 | oz ! Mletsls Anafyses not Requested.
[seaz105-087 | DBezs Dy green springy S5-GAL OP 319,000 3,650 0.18 ei5c | od1c ND | ND TICs 15 __ Metals Analyses not Requested.
[s8a2105085 | Des3s7|  Brigntgreen sprngy tumings sparks, DU domp | S5-GAL OP 267E+05 3675403 021 015c | o41c | 4100 [ ND [Fuem 620 I_E not Requested.
|seazios080 {Desyssl - Dey springy tumings S5GALOP | 326000 4080 | 019 MOc | o49c ND |5 ND | VCs | deleciions,highTiCs | 1 Sow detecions i
[sea2105-00t | Desese DU + Siquid not pumpable soeme sol SSGALOP | 183000 27,30 | o1 Moc | o38c ND_ )i ND | Fuel? 18D Metais Analyses not Requested.
|sea2105092 [oe8t14]  Springy green umings + Bquid not pumpable S5GMLOP | 281000 4100 | oz atsc | o#c os0 |[To1s | Tcs . 249 Metais Analyses not Requested.
[sea2105093 | pasero Ory springy wmings - 55-GAL OP 25,000 9% 019 015¢c | o41c MO |iinD | Fuel? 059 WMetals Analyses not d
[sea2105084 | Desers Dry green springy umings s6GAL0P |  3%000 aree | oss Moc | o43c | 013 | w0 | Fuel (1) Metals Analyses nol Requested.
|sea2tos0es | perrio Dark green chips + wumings s5ca 0P | 314000 4200 | o2t NDc | 043¢ NO | ND | Fuel? | detections.highTics | 038 | low detections 1
|seaztos097 | Dessas| Ory greenyelow umings. powdery opmaistiow | Ss-GaLoP | 180000 2120 624 080¢c | 022c | 0144 {:ND | Fuer? o Metals Analyses not Requested.
|osazios098 | pestts Damp coarse umings 55-GALOP 180,000 2470 021 0027¢ | 022c 120 ]I NO Fusi? B0 Metals Analyses not Requested.
|ssa2iosooe | Desit2 Green/yellow dry tumings S5GALOP | 312000 4070 | o020 NDc | ezsc 090 |:wp | TiCs 15D Metals Analyses not Requested.
[seaz105-100 | pesssz Graentyeliow dry amings S5GALOP | 202000 3380 | o418 023 [i ND | TICs 590 Metals Analyses not Recquested.
[98A2105-101 | Desete Dry greentyellow wrmigs S5GALOP | _ 331,000 3740 | o418 015¢ | o41c | ND ND | Fuei? 068 Melals Anlyses not Requested.
9aa2105-102 | pes2o Dry greenvyeliow tumings S5GALOP | 303,000 30 | o1e NDe | ©28¢ ND ND | Fusl? { deleclions, highTiCs | 450D [ owoescaone |
28A2105-10¢ | moers Coaese green kumings S5GALOP | 244000 2380 | o045 woc | ozsc N |- mo | TCs 0z7 Metals Analyses not Requested.
-198A2105105 | DSBS greentyeliow dry tuenings + lower damp S5GALOP | 183,000 2730 | on o80c | o¢ o |- D | Fue? 120 Mdetais Analyses not Requested.
{oma2105-106 | Dazees _green kamings lower sighlfy damp S5GALOP | 188,000 40 | 038 080c | oz W |0 | Fuel? 280 Metais Analyses ot Requested.
98A2105-107 | DO28ST dry hard greeniyeliowt fower molst tiack 55GALOP 299,000 3430 018 HDc 020¢ 210 |3 w0 | Fuel 150 Metals not
9842105108 | Daosse biack molst sscaoe | 168,000 2270 | 021 0wrc] 022¢ | 0143 | ND | Fuel? | detections.ighTiCs | .80 low detections i
[98A2105-110 | Dacess damp dark green  black grandar S5GALOP | 198,000 2510 | 020 NDc | 020¢ MO i nD | Fuerr . _j34p Metals Analyses not Requesied.
98A2105-111__| Dacess domp dark green to black gearular SSGALOP | 218000 2m0 | o2 0472 | w0 | Foe? 38D _Metals Analyses not Requested.
9842105112 __| D92660 Brack paste S5GAOP | 178000 { 2400 | o2 Noc | oonc | o11g B om0 | Fuerw 10 _Metls Analyses not Requested.
[oea2105-113 | Dacest pH=5 Siquid, btack paste, high beta SSGALOP | 174,000 230 | o2 N KOc | oofic 10 _}° ND 74D __ Wetals Analyses notRequested.
|eeazt05-114 _ Joecmss Black tarry sicky substance SSGALOP | 168,000 2200 | o2 MDc | 0otic | ©t0J | ND iRl 70 JE
9BA2105-115 1 002865]  Yellow-green tumings, powder, dry, spesks. SSGALOP | 333000 000 | o4 Noc | oasc | ooy . ND | Fuel? | sphelens>UTS. bighT | 14 Sow dedections
9BA2105-11 D82368]  Black powder, few fine kmings. dry, kmiisdsparks | S5-GAL OP 248,000 2410 015 NDc 028¢ 010J |: ND _ [Fuel? 29D Metals Analyses not Requesied.
9842105118 [ 090883  Yelow.green black kamings, damp, sparked sscaop | 207000 2810 | 015 NDc | 08¢ 083 | ND [Fuel? 58D Melals Anelyses not Requestod.
08A2105-119 | DUCBGZ Yeliow, green, dry umings, sparked SSGALOP | 304000 3250 | oa7 NDc | o4sc oot | MO | Fue? 163 Metals Analyses not Requested.
08A2105-120 | DG2gs4. biack umings, molst 55-GAL OP 8,000 2200 | o2 Np | oogrc | o2c o |0 | Fen 200 Metls not Requested
SBA2106-121 | DO2BSS]  Yellow greenish tumings, dry, course, sparks sscaLop | aso00 4130 [ o1 ND Noc | o4ec MO |7 NO | Fuen? [Lowlevel de ncl s I m 1 |
[eex2105-123 | Dosro Greenish 1o dark grey chips/pranular moist 55-GALOP 91,000 2110 | o7 8D | ooz | o2:c w_ | o | Fer 450 Metals not Requested
: |sea2105-12¢ [ Do28sa] velow-greenish iumings, fine modermtesparking | SSGALOP | 322,000 4000 | o020 ND woc | odic W i w0 | Fuer 08 Metals Analyses not d.
9842105125 [ D328T1]  Yellow-greenish aurnings, course, fine, no sparks 55-GAL CP 305.000 4520 03 0.15¢c NDc 120 |5 WD Fuoel? 76D ___Metals Analyses not Requested.
_8.»58.._8 DI866| _Yelow: tumings, cowrse, fine,mod sparks | S5GALOP | 320.000 4150 | o020 o8ac ! MOc No_ | nD | Fue on Metals not Requested. .
|oeaztos127 | Deesse| Dark green turmings, nes, sporked- Los Alamos | 55GALOP | 336000 4000 | 019 028c | 086c | o57J |5 ND | Fuerr Jowievel e 051 l | | | HD jpassed
|eea2167-120 | DB3262| vellow-green couse wmings, dry, spartst, Los Atamod 55-GAL 0P 000 4200 01 028c | 0S58c 0334 ND Fuel? 051 Metals Analyses nol Requested.
_Eunl D93265| Dy hard granular yellow-green + darker, Los Alamos | 55-GAL OP 209,000 3,110 0.23 03ic NDc ND {1 ND Fuel? 1.7 Wetals Analyses nol Requested.
96A2105-131__ | D964 Course dark geen + blackish tumings, dryonsurface | 55-GAL OP 325,000 4200 020 NDc¢ 0.28¢c ND ND Fusi? 0.35 Metals not
S8A2105-132 | DAYZ7A Daxk green dry turmings, sparked S5GALOP | 335,000 4570 | 021 WDc | 049c | o425 BIND | Fuel? 15 i
90A2105433 | DIA270| Dark green and biack chip “peanut butier”, no sparks | 55-GAL OP 165,000 2010 019 o1gc | 14c ND ND | Fuel? >uts | 130 Metals Analyses not Requested. ND jpassed
98A2105135 | De3zFe Biack try danp no spasking SsGALOP | 215000 3580 026 807 15.00 N [T N0 | Fuse ND Metals Analyses not Requested.
93AZ105-136 | DIR276 black green and grey dry, sparking 55-GAL OP 328,000 3890 [RL] 028¢ | 058¢ ND [ NO | Fuel? 720 Metats Analyses not Requested.
96A2105-137 | D93266|  dark preen, black cohesive, damp, no sparking S5-GAL 0P 222,000 1940 (L) G15¢ NDc 0067y | WO | Fuem 140 Metals not Req
9042105138 | DI32e2 greeniyeliow Smings damp. no sparks 55-GAL OP 174,000 2,060 018 00k ND ¢ 0os4d || w0 | Fuer? 19 Metais not Requested
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Table A-1 (cont)
Analytical Data Summary - Radioactive Metal Waste Stream

‘Gamma Spec u_n = compasite)
AN Radt in pCly feness raio Jisctopic Es - g

[ &w j Descripbon _ Contsine'Type] U238 | U-235 235238 | AM241 | Am2dl [Puzdoraidl  PCE m TCE 1
06AZ105-130 (0932601 yellowigreen umings cry. sparks 55-GAL OP 2060000 283} 022 o0mc | woe Jwo Mo froer .
9842105-141 ] D&2058| Slack green yellow,moist, no sparks S5GAL OP 2450000 3540} 022 0.03¢ Wc 01210 _5 Fuel?
GBAZ105-142 D93259 mudtpeanut buller, no sparks 55-GAL OP 70,000] 2330} 021 0.18¢c 14¢c  |ND MO Fuel? 0.6}
[s8a2105-143  § DoazB1 fine yellowigroen, sparks S5.GAL OP 30000 4500 021 028c | o058c ooy e Fuar? 23|
_Wﬁ_.u.:m 093263 black dry, sparked 55-GAL OP 2400000 2600} 047 0.04 1500 |Wo [0 |Foer 1.5]
96A2105-146 | DO2667 coarse geeen dry, sparked 55-GAL OP o0l  4a0f on 028c | ossc |wo o lruen 087
{seaz105-148 | Doazr3] coarse yellowlreen no sparks 55-GALOP o000 4500} 022 006c | NDc [WD I [Fuer 048}
|s8a2t05-149 | D92es! Ory black, sperks *copier foner” 55GAL OP 3ss000]  4150f o019 013 200 |o1209 w0 Fuel? 058!
[ssa2t05-150 | oa3zrs] coarse green dry, spacked 55-GALOP 322000]  3460f 047 028c | 086c |NO v Fuel? 084
[seaz105-151 | paszes| biack wet paste , no sparks 55-GAL OP 89000{ Nﬁ 022 ofgc | td4c (WD ‘_I-B Fuel? oo
|s8a2105-152 [ poness méxed coarse, fine yellow, dey, sparked 55GALOP 323000 4% 020 083c | MNoc [ND ) Fuel? 0.65)
|osa2105-453 | Daazet mixed coarse, e yellow, dry, sparked 55-GAL OP 313000]  4420f 022 ND w0 Fuel?
|sea2105155  {ogazrz biack wet pasie, saturaied, o sparks 55-GAL OP 165000) 2040} 019 oi9c | i4c o _mw Fuel? D Metals Anglyves not Requested.
9BAZ105-156 _{ Dgaze? black + green coarse turnings, dry. sparked S5GALOP o0  3e60] 047 028¢ | 036c lo4ol b Fuet? NO Metals Aralyses nol Requested.

AS7__| bgxarel _coarse + fomings, dry sparked S5-GAL OP 3000l oo 020 0% | nDc (N0 I (] 038} Metals Aratyses not Requested.
Eﬁ. D93273|  coarse green and dark fumings, dry, sp 55-GAL OP 320000]  4200] 020 0f5c | NDc (N o Fuef? 13 &hﬂﬂﬁ
serz105158 | Dososs ‘lack rolst kumings, sparks 556AL OF 31000 ﬁlﬁm 0% | 1400 (W0 I |Fuer =45 pprn, e [5.60 1 i 2
[sea2i05-151 | Doszes biack molst iurnings, chip. 60 sparks S5GAL OP 247000] 017 oo | 1500 {ND WD |Fuem 36D Wctals Analyses not Requested.
|s8a2105-162 | 0B3zr7] oy coarse green + black wumings, sparked S5-GAL OP 32000 3%0] 047 omc | NDc Jocers o Fuet? 037 _Wetols Analyses notRequested. .
|ssa2105-163 | 083277]  dry coerse green + black wmings, sparked 55-GAL OP 310000] _ 46%| o= ND [no Fuel? o0z __Motals Analyses not Requesied.
|peaz105-164 {00287 tlack stcky puste pearntbusler nosparks | SSGALOP 72000 2100l 020 0t9c | 14c N0 N0 [Fuem o |- Metls 00t Requested. :
SBA2105-165 | DU3206] molst, ysllow + green, cphesive, dense, no sparks | S5-GAL OP 182000] a7 0.08¢ NDc  |ND Ino Fuel? |sep Metals not Requested.
9652105-166 | 093288] _ Dark green 1o rownvconsofidated, no sparks. hard | S5-GAL OF 207EHS_284E+03] 097 003c_ |NDc 00458 IND_ " |Fuei? |Manylowleveldeiection| 19 [ | 1831
98A2105-167 _ | DG3288] Darkgreen lo browndoonsolidated, no sparks, had | S5-GAL OP 21000 2790] o020 0178 0062 [Fuel? [Manyiowleveldeteclion | 2.3 ! | Lt
9642105169 | Dg3ze4 Yellowigreen coarse ko fine, ory sparkedt S5-GALOF sl  3re0t o7 028c | 058c |ND INo - fFuert 021 Metais Analyses not Requested. .
{s6a2105-170 | Doazen Dry greenyeliow, 4° wet, sparked . 55-GAL OP 319000]  2830f 0.4 0z8c | 686c |ND o Jruer 18] Metals Analyses not Requasted. s
[98a2105-171 | D93462] - Dry yelowigreen wmings, no sparks 55-GAL OF 20000 2150 o1 Godc | NDc  |ND D IFuei 18] Metals Analyses not Requested. I

. _F»am.a_u X1037: Backigreen wungins, dry, sparks - 85-GAL OP 32000 0] 047 0zZ8c | 086c 200000{NC__|VES ND ;ﬁwmm ;
9BA2105-173 ] X10374] Btack, wet chips + powder, greentyellow no sparks | 85-GAL OF 16i000] 2220} 04g Josac jwoc 01058 N0 | |Fue?  |fewiow level detection |22D | | 5
[98A2105-175 | D93450] Wet, pH = 7 8iq, 1-L pumped. pasty pmibik, no sparks | 55-GAL OP §_ 1080f 0.3 joose  fmoc |5000 DE 31|Fuet? Jsto __Metals Analyses not Requested. :
[s8A2105-176 ] x09806 | Green'yellow granuar damp sightiy cohesiveno sparkd] 812 179] o046 aotc | NDc_|s4E 022] [E:00) Metols Anzlyses not Requested. !

" {9842105177 _{ D8345T| Geeenvbiackibrown pranular famings, damp, no spark | 55-GAL OF t8t000] 320! 026 a¥c | NDc [10000E _B._ _8..: le2p Detals Analyses not Requested.
BAZ105-178 _ {DG3461| Geeentyeiow granutar, damp, no sparks 55-GAL OP 00| 2050; 019 o0sc | NDc [i0ooOE J - [Fuen liwo ln_n% io
0642105179 | D934s8]  Greenish, maledal, no 55-GAL OF 26810] 020 015c | MNOc |3000E MO [some @Fugﬂ!n 625] .
98A2105-181 | Dos4ss Greeniish grarvar powder, no sparking S5-GAL OP 2re0f o021 oo6c | NDc [30008E |Np 200 Metals Analyses not Requested. j
|ssaztos-ta2 - | x10398] Green course, powsder, some stainless sieel?, spark._| - 85-GAL OP 264000 43600 028 015c | MDc |1000B_ [WD .17 ___ Metals Analyses not Requested. _
[seaztos-183 | x10975}] Green granusar, deme. no spark, some "graphite® | 85-GAL OP 1s6000] 2230 022 oodc | NDc 10008 [wo vES 1400 i Metals Analyses not Requested. !

- |seaz105-184 | x09834] Green, yellow prarules from 2 drums. moist no sparks | B-12 14moo0] 1830 019 oodc | NDc |eooose | 80, 1200 Metals not |
|seaz105-185 | xno833 Mostly dict with green matertal (U7} B12 60000{ ﬂwwm_ 019 NDc  [NDc o () Fusl?__|Pherantrene>UTS 170D | 28] i 47
[seaz105-187 | xposze Hiskoric sample jar - uranku hydride B2 230000] 0685 NDc__ [16¢c 2000080 Fuer? ND 138] I s{ 97, I lsru
96A2105-188 | xa0372 Dry ight green chips+metal 85-GAL OP iri000f 2230 020 031c | ND D | ) 1000 Metals Analyses not Refjuested.
96A2105-189 | xngens] B-12 du + 5ol B2 64 2l 050 [wo NDc  [i6c 0.65[ND 0.17

,  lsa2105190 | xposze about 100 ed of DU + 0l B-12 6600] 138|031 [138(TungstfNDc i8¢ o.17|w0 uel? oD
_§§ X00822 B-12 about 100 mi of DU + s0d B-12 7520] 7] 030 |17 ugstjune  |MDc o3s|wo some 1100
9842105-192 | xooe21 812 yellow + pale _praen DU + sol B12 1410000 2420 027 [na G3tc ND 0.50|ND ND 33 29 sy

. |eeAzi05-104 | xn9798] B-12 Du pranusts and fines (brighiest green)+ soll B2 101000{  1830[ o029 _5 Josmac [woc 1.00]ND [msany Sow levet 1.1
96A2105-195 | X00601 12 d chunks + ol B12 ﬁ Gum_ 028 {nD D |woc 24000 Fuel?  Many low level 250D |
- |sea2105-198 | xno809 b1z bOKJ chunks + sl B-12 028 |no NDc  [MDc ozl T [some 100 :
98AZ105197 | x09810 B12 13%000  2050] 024 [nO 006c | ND 031]Mo some 130D __
{98a2105-198 | x08800 812 B-12 96200]  1500] 026 {ND o3tc | MO aw.u o |some  [Manylow level de 580 MUy 2270.89] ]
{08A2105200 | xo980¢ B-12 dark brownvbiack du + sod B12 14300] 260 029 {nD ND ¢ 026]HD | |some 60D !
{s8a2105201 | xoo79e B-12 dark brown du + 50i B-12 1830] 3| 02 |wp ND ¢ 088jND 13| i
|seaz1o5202 | x096m3] 612 Grosnish andin chunks - no sparing B12 s0600] 1730 030 [331{wgs]  ea7jno 160D [some 0D :
|oBaz1os 205 | xoseze] Biack : historic sample B2 156000 5200 053 0.23)n0 some o LOW
|s8az105-20¢ | xose20 Marble size historic sample B12 3e000]  11100] o052 [wD oot ) .
[9542105207 {X00628] 3 ciax 2" high dark greentyeliow historic samgie Bz 124E+05] 4666+ 058 [ND 0216 m.ﬁ _ D LOW )
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RIN Location Description

98A2109-001 X10401 Top layer is white/grey/
yeliow. Bot layer is grey/
green + slightly red/brown.

98A2109-003  X10397
98A2109-004  X10397
(Duplicate of -003}
98A2109-006  X10390
98A2109-008  X10399
98A2109-009  X10373
98A2109-010  X10377
98A2109-011 X10376
8%83.5 ' X10393
98A2109-013  X10388
98A2109-014  X10382

Material saturated w/ liquid
on susface. Pastey wf fibers.

Tan damp material, no
liquid present.

Tan damp material, no
liguid present.

Off-white materialflight gray
at depth. Liquid present.
Off-white material. No liquid
present. Pastey w/ fibers.
Off-white matl w/ brown liquid
present on surface. Saturated
paste. pH=13.

Hard brown/gray material. Wet

~ pastes below surface.

Tan wet paste. Liq on surface
& in material. pH=13.

Hard tan material, greenish
colored below surface.

Dark green to off-white
hard material.

Light tan/off-white wet
paste.

Table A2 - Data Summary for Cemented Cyanide Wastes

Container

85-Gal OP

85-Gal OP

85-Gal OP

85-Gal OP

85-Gal OP

85-Gal OP

85-Gal OP

85-Gal OP

85-Gal OP

85-Gal OP

85-Gal OP

All Radionuclides in pCi/g

u-238

117.0

81.0

16.0

21.6

59.9

40.6

8.1

26.4

818

2.55

242

312

3.44

0.71

1.08

0.986U

1.31

0.193U

0.944

Total Reactive
U-235/238 TCLP Cyanide  Cyanide
U-235 Mass Rafio Am-241 Eailure (weight %}  (ppm)
0.34 11.3U Cd@829mgn  2.13 0.3
0.44 108U Cd@1.040mgh  1.85 ND
0.87 11U Cd@1,200mgl  3.39 ND
0.59 5.44U Cd@972mg) 225 ND
0.69 4530 Not tested 2.30
0.78 481U Not tested 2.40
0.00 5.92U Not tested 5.30
0.50 1.26U Not tested 2.80
0.00 1.26U Not tested 2.00
0.56 1.18U Not tested 0.54
0.45 1.95U Not tested 0.51

2.38

pH

12.4

12.8

13.2

128

Asbestos

' (vol%)  VOCs  SVOCs

15
__nmcmﬁm Visible
-.._cmnw Visible
Fibers Visible

Fibers Visible
i

_

Fibers Visible

Fibers Visible

!
1

.w
Fibers Visible

|
Ew@a Visible

I
i

1
{

ND

ND

ND

ND

ND

ND

ND

ND -



Table A4
Analytical Data Summary - Decanted Lathe Coolant

Page 1 of 1

AN Rad in pCiL Mass Ratio Fingemint parameiers AN Chemicals in
RiN-Event_} Location| Field OVA (ppm) |  Field Description U-238 U235 | uzssuz3e | AM241 | 558-gLPu | pH | flash point | spec gravity] miscible w Physical Desciption pPcE | TCE | TiCs | Arochlor-1254 oﬁaam?mn_m.

mwﬁm. phase {with dark . ISingle phase, non-viscous, transparent, .
98A2106-001 | X07938 nottaken  |brown percip), yetlowish |  1,610.00 75.00 0.72 <68 <16000 65 |NA-aqueous| 0.9946 water _|colorless figuid 0.037 | 0.024 0.09U 0.023 |A few low detections

single phase, dark

brown, of sheen, haif full Single phase, non-viscous, kranspanent, .
98A2106-002 | X07827 5PID drum 77,400.00 | 1,160.00 0.23 <270 35200 NA-aqueous] 0.9963 water _s.nma.aa 25 UD]0.25 UD| Fuel? 0.21 0.077 A few low detections

! dark _._. Iayer: opaque, non-viscous, grayish

_Qmﬁ.ﬁ—...u.g. -35" . Top=692000, !nﬂﬂnﬂ!rgilﬂ.-ﬂgﬂﬂﬁg .
S8A2106-003 | X07935 | 1500 FiD, 350 PID{{sample layered) 264,000.00 | 5,230.00 0.31 <581 } Boltom=196000]| 5 - 6.5| NA-aqueous| about 1 water  |viscous, coloress iquid (37%) 7J | 1.3U | Fuel? 76 0.0 A few low detections

Top.phase, medium : sioghe phase, sighlly viscous, transparen, )
98A2106-004 | X07935 | 1500 FiD, 350 PiDjbrownftan - 6.5 25,000.00 | 1,510.00 0.1 58900 “NA 77.3C 0.8106 | organics |ightyellowiqud 2400 | 1.3U | Fuer? 112D 0.117 }A few low detections




